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(54) Title: ENZYMATIC ENCODING 

(57) Abstract: Disclosed is a method for obtaining a bifunctional complex comprising a display molecule part and a coding part, 
wherein a nascent bifunctional complex comprising a chemical reaction site and a priming site for enzymatic addition of a tag is 
reacted at the chemical reaction site with one or more reactants, and provided with respective tag(s) identifying the reactants(s) at 
the priming site using one or more enzymes. 
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Enzymatic encoding 



This application claims the benefit of U.S. provisional application Serial No. 
60/422,167, filed October 30, 2002; U.S. provisional application Serial No. 60/434,425, 
5 filed December 19, 2002, and U.S. provisional application Serial No. 60/486,199, filed 
July 1 1 , 2003, which are hereby incorporated by reference in their entirety. All patent 
and non-patent references cited in these patent applications, or in the present 
application, are hereby incorporated by reference in their entirety. 

1 0 Technical Field of the Invention 

The present invention relates to a method for obtaining a Afunctional complex 
comprising display molecule part and a coding part. The invention also relates to a 
method for generation of a library of bifunctional complexes, a method for identifying a 
display molecule having a preselected property. 

15 

Background 

Approaches have been developed that allow the synthetic encoding of polypeptides 
and other biochemical polymers. An example of this approach is disclosed in US 
5,723,598, which pertains to the generation of a library of bifunctional molecules. One 

20 part of the bifunctional complex is the polypeptide and the other part is an identifier 

oligonucleotide comprising a sequence of nucleotides which encodes and identifies the 
amino acids that have participated in the formation of the polypeptide. Following the 
generation of the. library of the bifunctional molecules, a partitioning with respect to af- 
finity towards a target is conducted and the identifier oligonucleotide part of the bifunc- 

25 tional molecule is amplified by means of PCR. Eventually, the PCR amplicons are se- 
quenced and decoded for identification of the polypeptides that have affinity towards 
the target. The library of bifunctional complexes is produced by a method commonly 
known as spiit-and-mix. The method implies that a linker molecule is divided into spa- 
tial separate compartments and reacted with a specific amino acid precursor at one 

30 terminus in each compartment and appended a nucleic acid tag which codes for this 
specific amino acid precursor at the other terminus by an orthogonal chemical reaction. 
Subsequently, the content of the various compartments are collected (mixed) and then 
again split into a number of compartments for a new round of alternating reaction with 
amino acid precursor and nucleotide tag. The spiit-and-mix method is continued until 

35 the desired length of polypeptide is reached. 
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This prior art method is constrained in its application because there must be compatible 
chemistries between the two alternating synthesis procedures for adding a chemical 
unit as compared to that for adding a nucleotide or oligonucleotide sequence. Accord- 
5 ing to the prior art, the problem of synthesis compatibility is solved by the correct 
choice of compatible protecting groups as the alternating polymers are synthesised, 
and by the correct choice of methods for deprotection of one growing polymer selec- 
tively while the other growing polymer remains blocked. 

1 0 Halpin and Harbury have in WO 00/23458 suggested another approach, wherein the 
molecules formed are not only identified but also directed by the nucleic acid tag. The 
approach is also based on the split-and-mix strategy to obtain combinatorial libraries 
using two or more synthetic steps. A plurality of nucleic acid templates are used, each 
having at one end a chemical reactive site and dispersed throughout the stand a plural- 

15 ity of codon regions, each of said codon regions in turn specifying different codons. The 
templates are separated by hybridisation of the codons to an immobilised probe and 
subsequently each of the strands is reacted at the chemical reaction sites with specific 
selected reagents. Subsequently, all the strands-are pooled and subjected to a second 
partitioning based on a second codon region. The split-and-mix method is conducted 

20 an appropriate number of times to produce a library of typically between 1 0 3 and 1 0 6 
different compounds. The method has the disadvantage that a large number of nucleic 
acid templates must be provided. In the event a final library of 10 6 different compounds 
is desired, a total of 10 6 nucleic acid templates must be synthesised. The synthesis is 
generally cumbersome and expensive because the nucleic acids templates must be of 

25 a considerable length to secure a sufficient hybridisation between the codon region and 
the probe. 

In WO 02/074929 a method is disclosed for the synthesis of chemical compounds. The 
compounds are synthesised by initial contacting a transfer unit comprising an anti- 
30 codon and a reactive unit with a template having a reactive unit associated therewith 
under conditions allowing for hybridisation of the anti-codon to the template and subse- 
quently reacting the reactive units. Also this method suffers from the disadvantage that 
a large number of nucleic acid templates initially must be provided. 
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The prior art methods using templates suffer from the disadvantage that encoding is 
dependent upon the recognition between the anti-codon and the template. The hybridi- 
sation between two oligonucleotides can occur in the event there is a sufficient com- 
plementarity between these. Occasionally, the hybridisation will occur even though a 
5 complete match between the oligonucleotides is not present. The effect js, in the event 
a plurality of transfer units are present then sometimes the codon sequence of the 
template does not correspond to the reactive unit actually reacted. This undesired ef- 
fect is even more pronounced when the formation of library is intended because a plu- 
rality of templates and building blocks are supposed to find each other in the reaction 

10 media. When the hybridisation step is not completely correct, molecules will be gener- 
ated that are encoded by the incorrect codons on the template. This will have two ma- 
jor effects on the selection process performed on the library. First, templates with a 
codon combination encoding for binding ligands will be lost in the selection process. 
Secondly, and may be more important, templates with a codon combination encoding 

15 for non-binding ligands will be enriched. 

In an aspect of the present invention it is an object to provide a non-template depend- 
ent method for obtaining an encoded molecule, said method allowing for versatile 
chemistries to be applied in the formation of the encoded molecule, because the appli- 

20 cation of compatible orthogonal protection groups in the alternating formation of the 
encoded molecule and oligonucleotide tag can be avoided. The present invention in a 
preferred aspect intends to improve on the error prone hybridisation method previous 
suggested in the codon recognition process. Furthermore, it is an object of the inven- 
tion to reduce non-specific reaction products formed. Thus, in an aspect of the present 

25 invention, the present method has an inherent proof-reading facility securing that the 
phenotype is accurately encoded by the genotype. 

Summary of the Invention 

30 The present invention relates to a method for obtaining a Afunctional complex compris- 
ing a display molecule part and a coding part, wherein a nascent bifunctional complex 
comprising a chemical reaction site and a priming site for enzymatic addition of a tag is 
reacted at the chemical reaction site with one or more reactants, and provided with 
respective tag(s) identifying the reactant(s) at the priming site using one or more en- 

35 zymes. 
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Enzymes are in general substrate specific, entailing that the enzymatic addition of a tag 
to the priming site is not likely to interfere with the display molecule being formed. 
Thus, the application of protection groups on the coding part as well as the nascent 
5 display molecule can be avoided for this reason. However, it may be desired for other 
reasons to protect the growing display molecule. Enzymes are available having an ac- 
tivity in aqueous and organic media. The vast majority of enzymes, however, have a 
higher activity in an aqueous media compared to an organic media. Therefore, prior to 
or subsequent to the providing of the tag it may be desired to change the media in or» 
10 der to obtain applicable conditions for the reaction of the reactant at the chemical reac- 
tion site. 

Generally, the display molecule part is formed by more than a single round of reaction 
between one or more reactants and the chemical reaction site. In a certain aspect of 

15 the invention, the nascent bifunctional complex reacted with one or more reactants and 
provided with respective tag(s) is reacted further one or more times with one or more 
reactant(s) and is provided with respective identifying tag(s) to produce a reaction prod- 
uct as one part of the bifunctional complex and an identifying part comprising tags 
which codes for the identity of the reactants which have participated in the formation of . 

20 the reaction product. 

In a certain aspect of the invention, a round or cycle of reaction implies that a single 
reactant is reacted with the chemical reaction site and that a respective tag identifying 
the reactant is provided at the priming site for enzymatic addition. In another aspect of 

25 the invention, a round of reaction implies that multiple reactants are reacted at the 
chemical reaction site and that tags identifying one or more, but not necessarily all, 
reactants are provided at the priming site for enzymatic addition. The reaction at the 
chemical reaction site and the addition of tags may occur in any order, i.e. the reaction 
may occur subsequent to, simultaneously with, or previous to the tag addition. The 

30 choice of order may among other things be dependent on the enzyme type, the reac- 
tion conditions, and the type of reactant. 

The nascent bifunctional complex comprises a chemical reaction site and a priming site 
for enzymatic addition of a tag. Optionally, the nascent bifunctional complex also com- 
35 prises a linking moiety, which connects the chemical reaction site with the priming site. 
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The linking moiety may serve various purposes, such as distancing the priming site 
from the chemical reaction site sufficient from each other to allow an enzyme to per- 
form the tag addition and provide for a hybridisation region. In an aspect of the inven- 
tion, the linking moiety is a nucleic acid sequence. The length of the oligonucleotide is 
5 . preferably suitable for hybridisation with a complementing. oligonucleotide, i.e. the 
number of nucleotides in the linking moiety is suitably 8 or above. In a certain embodi- 
ment, the linking moiety is attached to the chemical reaction site via a spacer compris- 
ing a selectively cleavable linker to enable a detachment of the display molecule from 
the coding part in a step subsequent to the formation of the final Afunctional complex, 
10 A nascent Afunctional complex is also referred to as a growing complex and specifies 
an initial or intermediate complex to be processed according to the method of the pre- 
sent invention. An intermediate complex designates an initial complex that has been 
subjected to one or more rounds of reactant reaction and tag addition. 



15 The chemical reaction site may comprise a single or multiple reactive groups capable 
of reacting with one or more reactants. In a certain aspect the chemical reaction site 
comprises a scaffold having one or more reactive groups attached. Examples of suit- 
able reactive groups include amine, carboxylic acid, thio, aldehyde, and hydroxyl 
groups. Examples of scaffolds include benzodiazepines, steroids, hydantiones, 

20 piperasines, diketopiperasines, morpholines, tropanes, cumarines, qinolines, indoles, 
furans, pyrroles, oxazoles, amino acid precursors, and thiazoles. Furthermore, the re- 
active groups of the chemical reaction site may be in a pro-form that has to be acti- 
vated before a reaction with the reactant can take place. As an example, the reactive 
groups can be protected with a suitable group, which needs to be removed before a 

25 reaction with the reactant can proceed. A display molecule in the present description 
with claims indicates a chemical reaction site that has been reacted with one or more 
reactants. 



The reactants of the present invention include free reactants as well as reactants which 
30 comprises a functional entity and a nucleic acid sequence. The free reactant partici- 
pates in the reaction with the chemical reaction site and may give rise to a chemical 
structure of the final display molecule. A functional entity attached to a nucleic acid may 
be referred to herein as a building block and specifies a chemical entity in which the 
functional entity is capable of being reacted at the chemical reaction site. In a certain 
35 aspect of the invention, the functional entity is detached from the nucleic acid part and 
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transferred to the chemical reaction site. The oligonucleotide of the building block may 
or may not hold information as to the identity of the functional entity. In a certain em- 
bodiment of the present invention, the reactant is a building block comprising an oli- 
gonucleotide sufficient complementary to the linking moiety to allow for hybridisation, a 
5 transferable functional entity, and an anti-codon identifying the functional entity. The 
free reactant is generally not attached to a nucleic acid unless a nucleic acid compo- 
nent is intended in the final display molecule. The free reactant may have any chemical 
structure and preferably comprises a reactive group or a precursor therefore, which will 
enable a reaction with a chemical reaction site. Examples of reactive groups include 

10 hydroxyl groups, carboxylic acid groups, thiols, isocyanates, amines, esters, and thio- 
esters. Optionally, a further reactant occurs to mediate a connection between the free 
reactant and the chemical reaction site. The functional entity of a building block resem- 
bles the free reactant as far as the requirement for reaction with the chemical reaction 
site concerns. In addition, however, it is in most instances necessary to cleave the 

1 5 connection between the functional entity and the nucleic acid following the reaction. 
Optionally, the reaction and cleavage may occur in a single step. Various types of 
building blocks are disclosed in detail below. In a certain aspect of the invention, the 
free reactant or the functional entity do not include a nucleotide. — 

20 The coding part of the nascent bifunctional complex is formed by addition of at least 
one tag to a priming site using one or more enzymes. Further tags may be attached to 
a previous tag so as to produce a linear or branched identifier. As long as at least one 
tag of the identifier is attached by an enzymatic catalysed reaction, further tags may be 
provided using chemical means or enzymatic means at the discretion of the experi- 

25 . menter. In a certain embodiment of the invention, all tags are.provided using an enzy- 
matic catalysed reaction. A tag suitably comprises recognition units, i.e. units which 
may be recognized by recognition groups. The recognition unit possess an ability to 
carry information so as to identify a reactant. A variety of different kinds of recognition 
exist in nature. Examples are antibodies, which recognise an epitope, proteins which 

30 recognise another protein, mRNA which recognise a protein, and oligonucleotides 
which recognise complementing oligonucleotide sequences. Generally, it is preferred 
that the tag is a sequence of nucleotides. 

The coding part of the bifunctional complex is in a preferred aspect of the invention 
35 amplifiable. The capability of being amplified allows for the use of a low amount of bi- 
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functional complex during a selection process. In the event, the tag is a protein, the 
protein may be amplified by attaching the mRNA which has encoded the synthesis 
thereof, generating the cDNA from the mRNA and subjecting said mRNA to a transla- 
tion system. Such system is disclosed in WO 98/31700, the content of which is incorpo- 
5 rated herein by reference. An alternative method for amplifying a protein tag is to use 
phage displayed proteins. In general, however, the tag is a sequence of nucleotides, 
which may be amplified using standard techniques like PCR. When two or more tags 
are present in a linear identifying oligonucleotide, said oligonucleotide generally consist 
of a certain kind of backbone structure, so as to allow an enzyme to recognise the oli- 
10 gonucleotide as substrate. As an example the back bone structure may be DNA or 
RNA. 



The priming site of a nascent Afunctional complex is capable of receiving a tag. The 
chemical identity of the priming site depends among other things on the type of tag and 
15 the particular enzyme used. In the event the tag is a polynucleotide, the priming site 
generally comprises a 3'-OH or 5-phosphate group of a receiving nucleotide, or func- 
tional derivatives of such groups. Enzymes which may be used for enzymatic addition 
of a tag to the priming site include an enzyme selected from polymerase, ligase, and 
recombinase, and a combination of these enzymes. 

20 

The reaction between the chemical reaction site and the one or more reactants may 
take place under suitable conditions that favours the reaction. In some aspects of the 
invention, the reaction is conducted under hybridisation conditions, i.e. an annealing 
between two complementing oligonucleotides remains during the reaction conditions. 
25 In other aspects of the invention, the reaction is conducted under denaturing conditions 
to allow for suitable condition for the reaction to occur. In the event, the coding part of 
the growing complex comprises an oligonucleotide; said oligonucleotide is in an aspect 
of the invention in a double stranded form during the reaction to reduce the likelihood of 
side reactions between components of the oligonucleotide and reactants. 

30 

The tag identifying a reactant can be added to the priming site using any appropriate 
enzyme. In a certain embodiment, a tag is provided at the priming site of the nascent 
bifunctional complex utilizing an enzymatic extension reaction. The extension reaction 
may be performed by a polymerase or a ligase or a combination thereof. The extension 
35 using a polymerase is suitably conducted using an anti-tag oligonucleotide as template. 
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The anti-tag oligonucleotide is annealed at the 3' end of the oligonucleotide part of the 
nascent bifunctional complex with a single stranded overhang comprising an anti- 
codon, which identifies the reactant The anti-codon of the anti-tag can be transcribed 
to the identifier part using a polymerase and a mixture of dNTPs. Alternatively, a ligase 
5 is used for the addition of the tag using one or more oligonucleotides as substrates. 
The ligation can be performed in a single stranded or a double stranded state depend- 
ing on the enzyme used. In general it is preferred to ligate in a double stranded state, 
i.e. oligonucleotides to be ligated together are kept together by a complementing oli- 
gonucleotide, which complements the ends of the two oligonucleotides. 

10 

Examples of suitable enzymes include DNA polymerase, RNA polymerase, Reverse 
Transcriptase, DNA ligase, RNA ligase, Taq DNA polymerase, Pfu polymerase, Vent 
polymerase, HIV-1 Reverse Transcriptase, Klenow fragment, or any other enzyme that 
will catalyze the incorporation of complementing elements such as mono-, di- or 

1 5 polynucleotides. Other types of polymerases that allow mismatch extension could also 
be used, such for example DNA polymerase t\ (Washington et al., (2001) JBC 276: 
2263-2266), DNA polymerase i (Vaisman et al., (2001) JBC 276: 30615-30622), or any 
other enzyme that allow extension of mismatched annealed base pairs. In another as- 
pect, when ligases are used, suitable examples include Taq DNA ligase, T4 DNA li- 

20 gase, T4 RNA ligase, T7 DNA ligase, and E. coli DNA ligase. The choice of the ligase 
depends to a certain degree on the design of the ends to be joined together. Thus, if 
the ends are blunt, T4 RNA ligase may be preferred, while a Taq DNA ligase may be 
preferred for a sticky end ligation, i.e. a ligation in which an overhang on each end is a 
complement to each other. 

% 25 

The tag added to the priming site of the nascent bifunctional complex holds information 
as to the reactant. In the present invention with claims, the information relating to the 
reactant will be termed codon. Apart from a combination of the nucleotides coding for 
the identity of the reactant, a tag may comprise further nucleotides. In a certain aspect 
30 of the invention, a tag comprises a framing sequence. The framing sequence may 
serve various purposes, such as an annealing region for anti-tags and/or as a se- 
quence informative of the point in time of the synthesis history the associated reactant 
has reacted. 
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The association between the codon and the identity of the reactant may vary depend- 
ent on the desired output. In a certain embodiment, the codon is used to code for sev- 
eral different reactants. In a subsequent identification step, the structure of the display 
molecule can be deduced taking advantage of the knowledge of the different attach- 
5 ment chemistries, steric hindrance, deprotection of orthogonal protection groups, etc. In 
another embodiment, the same codon is used for a group of reactants having a com- 
mon property, such as a lipophilic nature, molecular weight, a certain attachment 
chemistry, etc. In a preferred embodiment however, the codon is unique, i.e. a similar 
combination of nucleotides does not identify another reactant. In a practical approach, 
10 for a specific reactant, only a single combination of nucleotides is used. In some as- 
pects of the invention, it may be advantageous to use several different codons for the 
same reactant. The two or more codons identifying the same reactant may carry further 
information related to different reaction conditions. In another aspect of the invention, a 
single codon specifies two or more reactants. 

15 

In one aspect of the invention, each Afunctional complex is prepared by simultaneous 
or sequentially tagging and reaction of reactant as illustrated in the scheme below: 



x-X ^ ax-XA 1ax-XA1 

20 

Capital letters represent reactant or chemical reaction site. Lower case letters repre- 
sent tags. 



A scaffold "X w is linked to a tag V. A reactant is linked to "X" e.g. "A" and so is a tag for 
25 that fragment e.g. "a". Suitably, the tag is unique. 

The coding part of the eventually formed bifunctional complex will contain all the 
codons. The sequence of each of the codons is used to decipher the structure of the 
reactants that have participated in the formation of the displayed molecule, i.e. the 
30 reaction product. The order of the codons can also be used to determine the order of 
incorporation of the reactants. This may be of particular interest when a linear polymer 
is formed, because the exact sequence of the polymer can be determined by decoding 
the encoding sequence. Usually, to facilitate the decoding step, a constant or binding 
region is transferred to the bifunctional complex together with the codon. The constant 
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region may contain information about the position of the related reactant in the 
synthesis pathway of the display molecule. 



The invention also relates to a method for identifying a display molecule having a 
5 preselected property, comprising the steps of: subjecting the library produced 

according to the method indicated above to a condition, wherein a display molecule or 
a subset of display molecules having a predetermined property is partitioned from the 
remainder of the library, and identifying the display molecule(s) having a preselected 
function by decoding the coding part of the complex. 

10 

The above method, generally referred to as selection, involves that a library is 
subjected to a condition in order to select display molecules having a property which is 
responsive to this condition. The condition may involve the exposure of the library to a 
target. The bifunctional complexes having an affinity towards this target may be 
15 partitioned form the remainder of the library by removing non-binding complexes and 
subsequent eiuting under more stringent conditions the complexes that have bound to 
the target. Alternatively, the coding part of the bifunctional complex can be cleaved 
♦ from the display molecule after the removal of non-binding complexes and the coding 
part may be recovered and decoded to identify the display molecule. 

20 

It is possible to perform a single or several rounds of selection against a specific target 
with a subsequently amplification of the selected variants. These obtained variants are 
then separately tested in a suitable assay. The selection condition can be stringent and 
specific to obtain binding molecules in one selection rounds, it may be advantageously 
25 to perform the method using a single round of selection because the number and di- 
versity of the potential binders are larger compared to procedures using further selec- 
tions where potential binders may be lost. In another embodiment the selection proce- 
dure involves several round of selection using increasing stringency conditions. Be- 
tween each selection an amplification of the selected complex may be desirable. 

30 

The coding part can be amplified using PCR with primers generating two unique cut- 
sites. These cut-sites can be used for multimerization of the coding region by cloning 
into a suitable vector for sequencing. This approach will allow simultaneously 
sequencing of many encoding regions. Alternatively, the PCR product is directly cloned 
35 into a suitable vector using for example TA cloning. In still another approach the 
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identity of the display molecule is established by applying the PCR product to a suitable 
mtcroarray. 

It is within the capability of the skilled person in the art to construct the desired design 
5 of an oligonucleotide. When a specific annealing temperature is desired it.is a standard 
procedure to suggest appropriate compositions of nucleic acid monomers and the 
length thereof. The construction of an appropriate design may be assisted by software, 
such as Vector NTI Suite or the public database at the internet address 
http://www.nwfsc.noaa.gov/protocols/oligoTMcalc.html. The conditions which allow 

10 hybridisation of two oligonucleotides are influenced by a number of factors including 
temperature, salt concentration, type of buffer, and acidity. It is within the capabilities of 
the person skilled in the art to select appropriate conditions to ensure that the 
contacting between two oligonucleotides is performed at hybridisation conditions. The 
temperature at which two single stranded oligonucleotides forms a duplex is referred to 

15 as the annealing temperature or the melting temperature. The melting curve is usually 
not sharp indicating that the annealing occurs over a temperature range. 



The present invention may be conducted in two basic modes. A first mode uses a 
reactant in which a codon or anti-codon covalently is connected to the functional entity 

20 which it identifies. A second mode uses a reactant which is not covalently attached to a 
codon or anti-codon. The tag is provided at the priming site of the Afunctional complex 
by an entity separate from the reactant. When more than a single round is carried out, 
the first and the second mode can be combined in any order. When a library of different 
bifunctional complexes is to be generated, the two modes are conducted in accordance 

25 with two different approaches. A library produced using the first mode can be 

conducted in a single vessel, which herein will be referred to as a one-pot synthesis, 
whereas a library produced according to the second mode requires a split-and-mix 
synthesis, i.e. the reaction and tag addition must be carried out in separate 
compartments for each complex. In a certain embodiment of the invention, one or more 

30 tags coding for two or more reactants, respectively, are provided prior to or subsequent 
to the reaction involving the two or more reactants and the chemical reaction site. 
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Mode 1: 

The present invention relates in a first mode to a method for encoding the identity of a 
chemical entity transferred to a bifunctional complex, said method comprising the steps 
of 

5 a) providing a nascent bifunctional complex comprising a reactive group and an 
oligonucleotide identifier region, 

b) providing a building block comprising an oligonucleotide sufficient complementary to 
the identifier region to allow for hybridisation, a transferable functional entity, and an 
anti-codon identifying the functional entity, 
10 c) mixing the nascent bifunctional complex and the building block under hybridisation 
conditions to form a hybridisation product, 

d) transferring the functional entity of the building block to the nascent bifunctional 
complex through a reaction involving the reactive group of the nascent bifunctional 
complex, and 

15 e) enzymatically extending the oligonucleotide identifier region to obtain a codon 
attached to the bifunctional complex having received the chemical entity. 

, The method of the invention involves the incorporation of a codon for the functional 
entity transferred to the complex. The incorporation of the codon is performed by 

20 extending over an anticodon of the building block using an appropriate enzyme, i.e. an 
enzyme active on nucleic acids. The transcription of the encoding region can be 
accomplished by an enzyme, such as a polymerase or a ligase. In general, it is 
preferred to use enzymes which are specific toward the substrate and the end-product 
to obtain an as accurate as possible transcription of the anti-codon. A high degree of 

25 specificity is generally available for nucleic acid active enzymes because a non-specific 
activity could destroy the ability of the living cells to survive. Especially preferred 
enzymes according to the present invention are polymerases with proof-reading activity 
for accurate encoding but preservation of the upstream nucleobases. 

30 The enzymatic extension may occur subsequent to or simultaneously with the transfer 
of the functional entity or even prior to the transfer. However, in general it is preferred 
to perform the extension step subsequent to the transfer step to avoid any possible 
interaction between the enzyme and the functional entity. 
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As the enzyme will perform extension only when the identifier region and the 
complementing identifier region has hybridised to each other to form a double helix, it is 
secured that the functional entity and the reactive group has been in close proximity 
when the complex is provided with a codon. Compared to the hybridisation method 
5 previously suggested, the present invention has the advantage that complexes 

provided with functional entities through a non-directed reaction will not be provided 
with a codon. Thus, false positive molecules may easily be detected due to the 
absence of a codon. 

10 The invention also relates to a method for obtaining a bifunctional complex composed 
of a display molecule part and a coding part, wherein the method for encoding the 
identity of a chemical entity transferred to a bifunctional complex further comprises step 
f) separating the components of the hybridisation product and recovering the complex. 

15 The invention may be performed by transferring only a single functional entity and the 
corresponding codon to the nascent bifunctional complex. However, in general it is 
preferred to build a display molecule composed of two of more functional entities. Thus, 
in a preferred aspect of the invention a method is devised for obtaining a bifunctional 
complex composed of a display molecule part and a coding part, said display molecule 

20 part being the reaction product of functional entities and the reactive group of the initial 
complex, wherein steps c) to f) are repeated as appropriate. In the final cycle of the 
preparation of the bifunctional complex, step f) may be dispensed with, notably in 
cases in which a double stranded identifier oligonucleotide is obtained because a 
double stranded nucleic acid usually is more stable compared to a corresponding 

25 single stranded oligonucleotide. The identifier oligonucleotide may also become double 
stranded by an extension process in which a primer is annealed to the 3'end of the 
oligonucleotide and extended using a suitable polymerase. The double strandness may 
be an advantage during subsequent selection processes because a single stranded 
nucleic acid may perform interactions with a biological target, in a way similar to 

30 aptamers. In the repetition of the cycle, the produced bifunctional complex in a previous 
cycle, i.e. a nascent bifunctional complex that has received a functional entity and a 
codon, is used as the nascent bifunctional complex in the next cycle of functional entity 
transfer and codon incorporation. 



WO 2004/039825 PCT/DK2003/000739 

14 

The oligonucleotides used according to the present method are of a reasonable extent. 
Thus, the long pre-made templates suggested in the prior art (in WO 00/23458 it is 
suggested to use oligonucleotides of at least 220 and preferably 420 nucleotides) are 
generally avoided. 

.5 

The invention also relates to a method for generating a library of Afunctional 
complexes, comprising the steps of: 

a) providing one or more different nascent bifunctional complexes comprising a 

reactive group and an oligonucleotide identifier region, 
10 b) providing a plurality of different building blocks, each comprising an oligonucleotide 

sufficient complementary to an identifier region to allow for hybridisation, a transferable 

functional entity, and an anti-codon identifying the functional entity, 

c) mixing nascent bifunctional complexes and plurality of building blocks under 

hybridisation conditions to form hybridisation products, 
15 d) transferring functional entities of the building blocks to the nascent bifunctional 

complexes through a reaction involving the reactive group of the nascent bifunctional 

complex, 

e) enzymatically extending the oligonucleotide identifier regions to obtain codons 
attached to the bifunctional complexes having received the chemical entities, 
20 f) separating the components of the hybridisation products and recovering the 
complexes, 

g) repeating steps c) to f) one or more times, as appropriate. 

A disadvantage associated with the hybridisation technique suggested in the prior art 
25 • becomes apparent when the formation of libraries are considered. Even though two 
double stranded oligonucleotides have the same number of nucleotides it is by no 
means ensured that they will possess the same melting temperature. This is at least 
partly due to the fact that different number of hydrogen bondings are involved for 
different base pairs (the C-G pair involves three hydrogen bondings and the A-T base 
30 pair involves two hydrogen bondings). Thus, establishing a temperature for the 
annealing of various building blocks to a template will be a compromise between 
avoiding mismatching and ensuring sufficient annealing. The present invention aims at 
avoiding this disadvantage by providing, in a preferred embodiment of the invention, an 
identifier region having a similar affinity towards all building blocks. 



35 
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In the event, more than one identifier sequence is used, e.g. when more than one kind 
of reactive group or scaffolds are present, a building block occasionally may be mis- 
annealed thereto. However, the transferred functional entity will actually be correctly 
encoded on the complex through the extension process. This approach resembles the 
5 arrangement Nature is using: Allowing mis-incorporation of bases at the DNA level 
(compare to mismatch annealing of building blocks) to obtain diversification but 
insisting on correct encoding for the phenotype (compare to the extension of the right 
codon on the complex). 



10 The annealing between the identifier and the building block can either be a random 
process or be guided by the sequences in the identifier region and the complementing 
identifier region. A random process can be achieved by using the same sequence in all 
identifier regions and the complementing identifier regions. Thus a mixture of identifiers 
and building blocks will anneal randomly or simi-randomly and create unique combina- 

15 tions of functional entities. Alternatively, a random or simi-random process can be 

achieved by using universal bases at positions of the building block opposing nucleo- 
bases of the identifier that codes for the identity of a particular scaffold or reactive 
group. The sequences of the identifier oligonucleotides and the building block oligonu- 
cleotides may be optimized such that it is assured that the sequences in a library in- 

20 volved in the annealing process will assemble at an equal degree of annealing regard- 
less of which functional entity that is attached to the building block. Thus, there will be 
no or diminished bias in the selection procedure due to different annealing properties 
for specific building blocks. In addition, the similarities in the annealing process in each 
annealing step and for each hybridisation product in a library will make sure the func- 

25 tional entity is presented equally for the reactive group/scaffold. This will provide opti- 
mal conditions for the transfer step. 



The nascent bifunctional complex comprises an oligonucleotide identifier region and a 
reactive group. The reactive group may be connected to the oligonucleotide through a 

30 cleavable linker allowing for the separation of the final reaction product from the 
oligonucleotide. A single reactive group may be present or multiple reactive groups 
may be present as a part of a scaffold. The scaffold may be attached to the 
oligonucleotide through a cleavable linker to allow for subsequent separation of the 
reacted scaffold. The reactive groups may be selected from any groups capable of 

35 receiving a functional entity. Examples of suitable reactive groups include amine, 
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carboxylic, thio, and hydroxyl groups. Furthermore, the reactive group of the nascent 
bifunctional complex may be in a pro-form that has to be activated before the method 
of the invention is initiated. A nascent bifunctional complex is also referred to as a 
growing complex and specifies an initial or intermediate complex to be further 
5 processed according to the present invention. 

The number of nucleotides in the identifier region of the identifier molecule is 
determined from how strong and specific the annealing should be between the 
identifier and building block. A stronger and more specific annealing process is 
10 generally obtained with a longer nucleotide sequence. Normally about 1 0 - 20 

nucleotides is sufficient to achieve specific and efficient annealing. However, in some 
aspects of the invention the range can be from 2 - 1000, most preferably between 15 - 
30 nucleotides. 

1 5 The identifier region may in certain embodiments comprise information about the 

identity of the reactive group or the scaffold of the nascent bifunctional complex. Such 
scaffold codon is generally at a position distanced from the scaffold to allow for the 
formation of a stable double helix at the part comprising the functional entity to be 
transferred and the scaffold. The scaffold codon may have any length but is generally 

20 selected with the same length as the codons specifying the functional entities. The rear 
part of the identifier region is generally provided with a constant or binding sequence. 
The binding sequence when annealed to a suitable part of the building block provides 
for a substrate for the enzyme to perform the extension. 

25 The building block comprises an oligonucleotide sufficient complementary to at least a 
part of the identifier region to allow for hybridisation. The oligonucleotide of the building 
block may not completely be complementary to the identifier, that is, one or more mis- 
matches may be allowed but it must be assured that the building block is able to anneal 
to the identifier region. For the sake of simplicity, the part of the building block oligonu- 

30 cleotide capable of annealing to the identifier will be referred to as the complementing 
identifier region. In the present description with claims, the term hybridisation is to be 
understood as the process of attaching two single stranded oligonucleotides to each 
other such that a hybridisation product is formed. 
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The building block comprises also an anticodon region made of oligonucleotides. The 
anti-codon identifies the identity of the functional entity of the building block. In a certain 
embodiment, the same anticodon is used to code for several different functional enti- 
ties. In a subsequent identification step, the structure of the display molecule can be 
5 deduced taking advantage of the knowledge of different attachment chemistries, steric 
hindrance, deprotection of orthogonal protection groups, etc. In another embodiment, 
the same anti-codon is used for a group of function entities having a common property, 
such as a lipophilic nature, a certain attachment chemistry etc. In a preferred embodi- 
ment, however, the anti-codon is unique i.e. a similar combination of nucleotides does 

10 not appear on another building block carrying another functional entity. In a practical 
approach, for a specific functional entity, only a single combination of nucleotides is 
used. In some aspects of the invention, it may be advantageous to use several anti- 
codons for the same functional entity, much in the same way as Nature uses up to six 
different anti-codons for a single amino acid. The two or more anti-codons identifying 

15 the same functional entity may carry further information related to different reaction 
conditions. 

The individual anti-codons may be distinguished from another anti-codon in the library 
by only a single nucleotide. However, to facilitate a subsequent decoding process it is 

20 in general desired to have two or more mismatches between a particular anticodon and 
any other anti-codon appearing on the various building blocks. As an example, if a 
codon/anticodon length of 5 nucleotides is selected, more than 100 nucleotide combi- 
nations exist in which two or more mismatches appear. For a certain number of nucleo- 
tides in the codon, it is generally desired to optimize the number of mismatches be- 

25 tween a particular codon/anticodon relative to any other codon/anticodon appearing in 
the library. 

The coupling of the functional entity to the complementary identifier region can be done 
with suitable coupling reactions. Any coupling reaction or combination of such reactions 
30 known in the art can be used as appropriate as readily recognized by those skilled in 
the art. The functional entity linked to the complementary identifier region is a molecule, 
which preferably comprises at least one reactive group that allows linkage to the reac- 
tive group of the identifier. 
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The sequence of the anticodon identifies the functional entity attached in the same 
building block. This anticodon sequence is either directly included in the building block 
sequence or is attached to a pre-existing building block using a polymerase or a ligase 
for example. In a certain embodiment, as disclosed in detail in example 7, complement- 
5 ing identifier regions, termed carrier oligos in the example, are initially loaded with the 
various functional entities. Each of the loaded carrier oligoes is subsequently ligated to 
an anti-codon oligo using a splint oligo to assemble the two oligonucleotides. The liga- 
tion reaction serves to connect the functional entity to be transferred with an anticodon 
specifying the structure of the functional entity. The anti-codon oligo may be designed 

10 in various ways. Normally, a region that allows for the annealing of the splint is included 
in the design. However, some ligases like the T4 RNA ligase, does not require a stretch 
of double stranded DNA. Therefore, the splint and the part of the anti-codon oligo an- 
nealing to the splint can be dispensed with in some embodiments. In the event the 
identifier region comprises a codon coding for the identity of the scaffold, the anti- 

15 codon oligo comprises a stretch of universal bases, like inosines. The universal bases 
may be dispensed with if a region complementing a binding region on the identifier re- 
gion is included downstream. The latter embodiment normally will entail that a part of 
. the identifier loops out. The complementing binding region is normally selected such 
that a polymerase is capable of recognizing a formed double helix with a binding region 

20 of the nascent bifunctional molecule as a substrate. The anti-codon is suitably posi- 
tioned at the 5' side of the complementing binding region so it can be transferred to the 
nascent complex by an extension reaction. Suitably, the complementing binding region 
is designed such that it is possible to identify the position of the particular codon in the 
sequence of codons appearing on the eventual bifunctional complex. 

25 ■ 

The anticodon sequence is transcribed to the identifier through an extension process to 
form the codon on the identifier molecule. This may be carried out by any state of the 
art method including, but not limited to, a polymerase extension reaction. A polymerase 
extension reaction usually requires the presence of sufficient polymerase activity to- 

30 gether with each of the four natural nucleotide tri-phosphates (ATP, CTP, GTP, and 
TTP) in a suitable buffer. Thus, the sequence of a particular anticodon is only trans- 
ferred to the identifier as a codon when the building block and the identifier molecule 
has annealed and allow reaction to take place between the functional entity and the 
recipient reactive group. 
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The four natural nucleotides can encode for 4 N variants where N is the length of the 
codon. For example, if the unique codon is 5 nucleotides in length, the number of pos- 
sible encoding for different functional entities is 1024. The codons can also be design 
using a sub-set of the four natural nucleotides in each position. This can be useful in 
5 combination with the use of universal nucleobases. The anticodon in each building 
block is coding for the functional entity in the same building block. This sequence may 
in an aspect of the invention be incorporated by PGR of the complementing identifier 
region with a functional entity primer and an anticodon primer. 

1 0 The functional entity of the building block serves the function of being a precursor for 
the structural entity eventually incorporated into the displayed molecule. Therefore, 
when in the present application with claims it is stated that a functional entity is trans- 
ferred to a nascent bifunctional complex it is to be understood that not necessarily all 
the atoms of the original functional entity is to be found in the eventually formed display 

15 molecule. Also, as a consequence of the reactions involved in the connection, the 
structure of the functional entity can be changed when it appears on the nascent dis- 
play molecule. Especially, the cleavage resulting in the release of the functional entity 
may generate a reactive group which in a subsequent step can participate in the forma- 
tion of a connection between a nascent display molecule and a functional entity. 

20 

The functional entity of the building block preferably comprises at least one reactive 
group capable of participating in a reaction which results in a connection between the 
functional entity of the building block and the identifier carrying the reactive group. The 
number of reactive groups which appear on the functional entity is suitably one to ten. 

25 A functional entity featuring only one reactive group is used i.a. in the end positions of 
polymers or scaffolds, whereas functional entities having two reactive groups are suit- 
able for the formation of the body part of a polymer or scaffolds capable of being re- 
acted further. Two or more reactive groups intended for the formation of connections, 
are typically present on scaffolds. A scaffold is a core structure, which forms the basis 

30 for the creation of multiple variants. The variant forms of the scaffold are typically 

formed through reaction of reactive groups of the scaffold with reactive groups of other 
functional entities, optionally mediated by fill-in groups or catalysts. The functional enti- 
ties to be connected to the scaffold may contain one, two or several reactive groups 
able to form connections. Examples of scaffold include steroids, hydantions, benzodi- 

35 azepines, etc. 
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The reactive group of the building block may be capable of forming a direct connection 
to a reactive group of the identifier or the reactive group of the building block may be 
capable of forming a connection to a reactive group of the identifier through a bridging 
5 fill-in group, It is to be understood that not all the atoms of a reactive group are neces- 
sarily maintained in the connection formed. Rather, the reactive groups are to be re- 
garded as precursors for the structure of the connection. 

After or simultaneously with the formation of the connection a cleavage is performed to 
10 transfer the functional entity to the identifier. The cleavage can be performed in any 

appropriate way. In an aspect of the invention the cleavage involves usage of a reagent 
or and enzyme. The cleavage results in a transfer of the functional entity to the nascent 
bifunctional complex or in a transfer of the complex to the functional entity of the build- 
ing block. In some cases it may be advantageous to introduce new chemical groups as 
15 a consequence of linker cleavage. The new chemical groups may be used for further 
reaction in a subsequent cycle, either directly or after having been activated. In other 
cases it is desirable that no trace of the linker remains after the cleavage. 

In another aspect, the connection and the cleavage is conducted as a simultaneous 
20 reaction, i.e. either the functional entity of the building block or the nascent display 
molecule is a leaving group of the reaction. In some aspects of the invention, it is pre- 
ferred to design the system such that the connection and the cleavage occur simulta- 
neously because this will reduce the number of steps and the complexity. The simulta- 
neous connection and cleavage can also be designed such that either no trace of the 
25 linker remains or such that a new chemical group for further reaction is introduced, as 
described above. In other aspects of the invention, it is preferred to conduct separate 
cross-linkage and cleavage steps because the stepwise approach allows for mastering 
each sub steps and for a reduction in the likelihood for non-specific transfer. 

30 Preferably, at least one linker remains intact after the cleavage step. The at least one 
linker will link the nascent display molecule to the encoding region. In case the method 
essentially involves the transfer of functional entities to a scaffold or an evolving poly- 
mer, the eventually scaffolded molecule or the polymer may be attached with a selec- 
tively cleavable linker. The selectively cleavable linker is designed such that it is not 
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cleaved under conditions which result in a transfer of the functional entity to the nas- 
cent template-directed molecule. 



The cleavable linkers may be selected from a large plethora of chemical structures. 
5 Examples of linkers includes, but are not limited to, linkers haying an enzymatic cleav- 
age site, linkers comprising a chemical degradable component, and linkers cleavable 
by electromagnetic radiation. Cleavable linkers of particular interest are currently link- 
ers that can be cleaved by light. A suitable example includes an o-nitro benzyl group 
positioned between the display molecule and the identifier region. 

10 

The building blocks used in the method according to the present invention may be de- 
signed in accordance with the particular entities involved in the building block. As an 
example, the anti-codon may be attached to the complementing identifier region with a 
polyethylene glycol (PEG) linker and the functional entity may be directly attached to 

15 said complementing identifier region. In another and preferred example, the anti-codon, 
complementing identifier region and the functional entity is a contiguous linear oligonu- 
cleotide. In a certain embodiment of the invention, the building block is designed such 
that a part of the identifier loops out. The loop out of the identifier usually occurs be- 
cause the building block oligo does not anneal to the entire length of the identifier. 

20 Usually, the building block is designed such that it is able to anneal to at least the iden- 
tifier region of the bifunctional complex and to a binding region at the rear part of the 
identifier. The complementing identifier region and the anticodon may be directly con- 
nected through a single linkage, connected through a PEG linker of a suitable length, 
or a sequence of nucleobases which may or may not comprise nucleobases comple- 

25 menting the various codons and binding region on the identifier. In a certain embodi- 
ment of the invention, the building block is designed only to anneal to a binding region, 
usually at an end of the identifier opposing the end having attached the display mole- 
cule. In an aspect of the invention the building block and/or the nascent identifier are 
composed of two or more separate nucleotides, which are able to hybridise to each 

30 other to form the hybridisation complex. The gaps between the oligonucleotides may 
be filled with suitable nucleotide using an appropriate enzyme activity, such as a poly- 
merase and a ligase, to produce a coherent identifier and or building block. 
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complementing identifier region at a terminal nucleotide or a nucleotide 1 or two nu- 
cleotides down the oligonucleotide. The attachment of the functional entity can be at 
any entity available for attachment, i.e. the functional entity can be attached to a nu- 
cleotide of the oligonucleotide at the nucleobase, or the back bone. In general, it is pre- 
5 . ferred to attach the functional entity at the phosphor of the internucleoside linkage or at 
the nucleobase. 



In a certain aspect of the invention, the reactive group of the functional entity is at- 
tached to the linker oligonucleotide. The reactive group is preferably of a type which is 

10 able to create a connection to the nascent display molecule by either direct reaction 
between the respective reactive groups or by using a suitable fill-in group. The reactive 
group coupling the functional entity with the linker is preferably cleaved simultaneously 
with the establishment of the connection. The functional entity may in some cases con- 
tain a second reactive group able to be involved in the formation of a connection in a 

15 subsequent cycle. The second reactive group may be of a type which needs activation 
before it is capable of participating in the formation of a connection. 

An the event two or more functional entities are to be transferred to the complex, the 
codons may be separated by a constant region or a binding region. One function of the 

20 binding region may be to establish a platform at which the polymerase can bind. De- 
pending on the encoded molecule formed, the identifier may comprise further codons, 
such as 3, 4, 5, or more codons. Each of the further codons may be separated by a 
suitable binding region. Preferably, all or at least a majority of the codons of the identi- 
fier are separated from a neighbouring codon by a binding sequence. The binding re- 

25 gion may have any suitable number of nucleotides, e.g. 1 to 20. 

The binding region, if present, may serve various purposes besides serving as a sub- 
strate for an enzyme. In one setup of the invention, the binding region identifies the 
position of the codon. Usually, the binding region either upstream or downstream of a 
30 codon comprises information which allows determination of the position of the codon. 
In another setup, the binding regions have alternating sequences, allowing for addition 
of building blocks from two pools in the formation of the library. Moreover, the binding 
region may adjust the annealing temperature to a desired level. 



WO 2004/039825 PCT/DK2003/000739 

23 

A binding region with high affinity can be provided by incorporation of one or more nu- 
cleobases forming three hydrogen bonds to a cognate nucleobase. Examples of nu- 
cleobases having this property are guanine and cytosine. Alternatively, or in addition, 
the binding region may be subjected to backbone modification. Several backbone 
5 modifications provides for higher affinity, such as 2-O-methyl substitution of the ribose 
moiety, peptide nucleic acids (PNA), and 2'-4' O-methylene cyclisation of the ribose 
moiety, also referred to as LNA (Locked Nucleic Acid). 



The identifier may comprise flanking regions around the codons. The flanking region 
10 can encompass a signal group, such as a flourophor or a radio active group to allow for 
detection of the presence or absence of a complex or the flanking region may comprise 
a label that may be detected, such as biotin. When the identifier comprises a biotin 
moiety, the identifier may easily be recovered. 



15 The flanking regions can also serve as priming sites for amplification reactions, such as 
PCR. Usually, the last cycle in the formation of the Afunctional complex includes the 
incorporation of a priming site. The identifier region of the bifunctional complex is usu- 
ally used for another priming site, thereby allowing for PCR amplification of the coding 
region of the bifunctional complex. 

20 

It is to be understood that when the term identifier is used in the present description 
and claims, the identifier may be in the sense or the anti-sense format, i.e. the identifier 
can comprise a sequence of codons which actually codes for the molecule or can be a 
sequence complementary thereto. Moreover, the identifier may be single-stranded or 
25 double-stranded, as appropriate. 

The design of the part of the complementing identifier region or the building block 
oligonucleotide in general which comprises one or more anti-codons preceding the 
active anti-codon can be random or simi-random and one or more mismatches with the 

30 identifier region may be allowed. However, especially when a library is contemplated, it 
may be advantageous to incorporate in a region complementing a preceding codon 
one or more non-specific base-pairing nucleobases. Non-specific base-pairing 
nucleobases are bases which, when attached to a backbone, are able to pair with at 
least two of the five naturally occurring nucleobases (C, T, G, A, and U). Preferably, the 

35 base pairing between the two or more natural nucleobases and the non-specifically 
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base-pairing nucleobase occur essentially iso-enegically, i.e. the bonds formed have a 
strength of the same order. The term "non-specifically base-pairing nucleobase" is 
used herein interchangeably with the term "universal base". 

5 In natural tRNA, the nucleobase inosine is found. Inosine has the ability to hybridise 
non-specifically with three of the nucleobases, i.e. cytosine, thymine, and adenine. 
Inosine and examples of other synthetic compounds having the same ability of non- 
specifically base-pairing with natural nucleobases are depicted below 
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Examples of Universal Bases: 




5 



The use of universal bases in the present method has an advantage in the generation 
of a library because the nucleobases of previously transferred codons can be matched 
with universal bases on the complementing region of the building block. The 
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complementing of a spent codon with a sequence of universal bases allows for the use 
of the same building block for a variety of growing bifunctional complexes. 

The encoding by extension principle can also be used using a three-strand procedure. 
5 . Each step involves a library of assembly platform molecules hybridised to a functional, 
entity carrier (Figure 7). The assembly platform comprise a fixed sequence (comple- 
menting identifier region) that binds equally well to all or a subset of identifier molecule 
through the identifier region. Alternatively, this complementing identifier sequence can 
also be random or simi-random to increase the diversity of the library as this would 

10 allow for the use of different scaffold molecules. The assembly platform also contains a 
unique anticodon region with a specific sequence. This specific sequence will anneal to 
the unique codon region in the carrier, thus forming a building block in which the trans- 
ferable functional entity is coupled to a unique anti-codon by hybridisation. The se- 
quence of the unique anticodon and the unique anticodon region is linked allowing a 

1 5 direct coupling between these two sequences. This coupling is for example obtained 
when the assembly platform is synthesized. 

The unique anticodon can either be identical to the unique anticodon region or a 
shorter or longer sequence. However, a prerequisite though is that these two se- 

20 quences (the unique anticodon and the unique anticodon region) are linked to each 
other, e.g. through the complementing identifier region and, optionally, the connection 
region. The sequence of the unique anticodon can be used to decode the unique anti- 
codon region. This will obtain the unique codon region which codes for the functional 
entity. The connecting region is optionally a sequence that can be varied to obtain op- 

25 timal reactivity between functional entity and the attachment entity. If polymers are cre- 
ated using this system, the connecting region could be extended through the assem- 
bling cycles. 

The formation of identifier-displayed molecules by the three-strand assembly principle 
30 is performed in sequential steps. Each individual step involves annealing of the carrier 
and the identifier molecules to the assembly platform. After the annealing step, two 
important events take place: 1) the reaction between the attachment entity and the 
functional entity to accomplish transfer of the functional entity to the identifier molecule, 
and 2) the extension of the unique codon sequence into the identifier molecule using 
35 the unique anticodon sequence on the assembly platform as the reading sequence. 
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The formation of a library of Afunctional complexes according to the invention can be 
performed using a solid support for the platform molecule as shown in Fig. 9 and 10. 
This allow a sequential transfer where each library of assembly platform molecules, 
5 with different addition of the non-coding region and complementing binding region de- 
pendent of which specific step, is immobilized in separate vials and a library of identifier 
and building block molecules is supplied. After the annealing- reaction/transfer- 
extension steps, the library is removed (e.g. with elevated temperature) and transferred 
to another vial with an immobilized assembly platform library (with an additional non- 
1 0 coding and complementing binding region) to allow the next step in the process. 

Mode 2: 

The present invention discloses in a second mode of the invention, a method for gen- 
erating a complex comprising a display molecule part and a coding part, wherein a 
15 nascent bifunctional complex comprising a chemical reaction site and a priming site for 
enzymatic addition of a tag is reacted at the chemical reaction site with one or more 
reactants and provided at the priming site with respective tags identifying the one or 
more reactants using one or more enzymes. 

20 The lack of a covalent link between the reactive part and the coding part of the building 
block implies that a library is to be produced by a split-and-mix strategy. In a first step a 
nascent bifunctional complex is dispensed in one or more separate compartment and 
subsequently exposed to a reactant in each compartment, which reacts at the chemical 
reaction site, and an agent which provides the tag identifying said reactant at the prim- 

25 ing site. The agent providing the tag includes an enzyme and a substrate therefore. In 
a certain embodiment of the invention, the tag is provided by extending over an anti- 
codon using a polymerase. In another embodiment of the invention, the tag is provided 
at the priming site by ligation of a codon oligonucleotide, which holds information as to 
the identity of the reactant. 

30 

When the enzyme is a polymerase, the substrate is usually a blend of triphosphate 
nucleotides selected from the group comprising dATP, dGTP, dTTP, dCTP, rATP, 
rGTP, rTTP, rCTP, rUTP. Substrates for ligases are oligo- and polynucleotides, i.e. 
nucleic acids comprising two or more nucleotides. An enzymatic ligation may be per- 
35 formed in a single or double stranded fashion. When a single stranded ligation is per- 
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formed, a 3* OH group of a first nucleic acid is ligated to a 5' phosphate group of a sec- 
ond nucleic acid. A double stranded ligation uses a third oligonucleotide complement- 
ing a part of the 3* end and 5' end of the first and second nucleic acid to assist in the 
ligation. Generally, it is preferred to perform a double stranded ligation. 

5 

In some embodiments of the invention, a combination of polymerase transcription and 
ligational coupling is used. As an example, a gap in an otherwise double stranded 
nucleic acid may be filled-in by a polymerase and a ligase can ligate the extension 
product to the upstream oligonucleotide to produce a wholly double stranded nucleic 
10 acid. 

Mode 2 is conducted in separate compartments for each reaction, as discussed above. 
Thus, the addition of a tag occurs without competing nucleic acids present and the like- 
lihood of cross-encoding is reduced considerable. The enzymatic addition of a tag may 

1 5 occur prior to, subsequent to, or simultaneous with the reaction. In some aspects of the 
invention, it is preferred to add the tag to the nascent Afunctional complex prior to the 
reaction, because it may be preferable to apply conditions for the reaction which are 
different form the conditions used by the enzyme. Generally, enzyme reactions are 
conducted in aqueous media, whereas the reaction between the reactant and the 

20 chemical reaction site for certain reactions is favoured by an organic solvent. An ap- 
propriate approach to obtain suitable condition for both reactions is to conduct the en- 
zyme reaction in an aqueous media, lyophilize and subsequent dissolve or disperse in 
a media suitable of the reaction at the chemical reactive site to take place. In an alter- 
native approach, the lyophilization step may be dispensed with as the appropriate reac- 

25 tion condition can be obtained by adding a solvent to the aqueous media. The solvent 
may be miscible with the aqueous media to produce a homogeneous reaction media or 
immiscible to produce a bi-phasic media. 

The reactant according to the second mode may be a free reactant or a zipper building 
30 block. A free reactant is not attached to a code identifying another part of the reactant. 
In most cases, a free reactant comprises a chemical structure comprising one, two or 
more reactive groups, which can react with the chemical reaction site. A zipper building 
block is a functional entity which is attached to a chemical entity that binds in the vicin- 
ity of the chemical reaction site. The binding chemical entity may be an oligonucleotide 
35 which hybridises to a linking moiety of the nascent bifunctional complex prior to the 
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reaction. The hybridisation event will increase the proximity between the functional en- 
tity and the chemical reaction site, thereby reducing the possibility of side reactions and 
promote the reaction due to a high local concentration. 

5 The nascent bifunctional complex is constructed having the encoding method in mind. 
Thus, if a polymerase is used for the encoding, a region of hybridisation is usually pro- 
vided in the linker moiety. The region of hybridisation will allow for a binding region of a 
complementing oligonucleotide comprising an anti-codon to hybridise to the nascent 
bifunctional complex. The binding region serves as a binding site for a polymerase, 

10 which then may produce an extension product using the anti-codon oligonucleotide as 
template. When a ligase is used for the encoding, the priming site of the nascent bi- 
functional complex comprises one or more nucleotides which the ligase may consider 
as a substrate. In a single stranded ligation an oligonucleotide present in the media and 
bearing information as to the identity of the reactive group will be ligated to the nascent 

15 bifunctional molecule. A double stranded ligation requires the priming site of the nas- 
cent bifunctional complex to be able to hybridise to a complementing oligonucleotide 
prior to ligation. Suitably, the priming site comprises one, two, or more nucleotides, to 
which a complementing oligonucleotide can hybridise. The complementing oligonucleo- 
tide hybridise in the other end to the codon oligonucleotide, which holds the information 

20 of a particular reactant. 

The linker moiety of the nascent bifunctional complex may comprise information relat- 
ing to the identity of the chemical reaction site. In an applicable approach, the linker 
moiety comprises a codon informative of the identity of the chemical reaction site. 

25 

The oligonucleotides bearing the information on the pertinent reactant, may, apart from 
the combination of nucleotides identifying the reactant, comprise flanking regions. The 
flanking regions may serve as binding regions capable of hybridising to the nascent 
bifunctional complex. The binding region may be designed so as to hybridise promis- 
30 cuous to more than a single nascent bifunctional complex. Alternatively, the binding 
region on the coding oligonucleotide is capable of being ligated to a binding region the 
nascent bifunctional complex using a splint oligonucleotide as mediator. 

The invention may be performed by reacting a single reactant with the nascent bifunc- 
35 tional complex and add the corresponding tag. However, in general it is preferred to 
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build a display molecule comprising the reaction product of two of more reactants. 
Thus, in a certain aspect of the invention a method is devised for obtaining a Afunc- 
tional complex composed of a display molecule part and a coding part, said display 
molecule part being the reaction product of reactants and the chemical reaction site of 
5 . the initial complex. In an aspect of the invention, two alternating parallel syntheses are . 
performed so that the tag is enzymatical linked to the nascent bifunctional complex in 
parallel with a reaction between a chemical reaction site and a reactant. In each round 
the addition of the tag is followed or preceded by a reaction between reactant and the 
chemical reaction site. In each subsequent round of parallel syntheses the reaction 
10 product of the previous reactions serves as the chemical reaction site and the last- 
incorporated tag provides for a priming site which allows for the enzymatical addition a 
tag. In other aspects of the invention, two or more tags are provided prior to or subse- 
quent to reaction with the respective reactants. 

15 The coding part comprising ail the tags may be transformed to a double stranded form 
by an extension process in which a primer is annealed to the 3* end of the 
oligonucleotide and extended using a suitable polymerase. The double strandness may 
be an advantage during subsequent selection processes because a single stranded 
nucleic acid may perform interactions with a biological target in a way similar to 

20 aptamers. 

In a certain aspect of mode 2 a method is devised for generating a library of bifunc- 
tional complexes comprising a display molecule part and a coding part. The method 
comprises the steps of providing in separate compartments nascent bifunctional com- 
25 plexes, each comprising a chemical reaction site and a priming site for enzymatic addi- 
tion of a tag and performing in any order reaction in each compartment between the 
chemical reaction site and one or more reactants, and addition of one or more respec- 
tive tags identifying the one or more reactants at the priming site using one or more 
enzymes. 

30 

The nascent bifunctional complexes in each compartment may be identical or different. 
In the event the nascent bifunctional complex differs at the chemical reaction site, the 
nascent bifunctional complex suitable comprises a codon identifying the structure of the 
chemical reaction site. Similar, the reactants applied in each compartment may be 
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identical or different as the case may be. Also, the reaction conditions in each com- 
partment may be similar or different. 



Usually, it is desired to react the complex with more than a single reactant. In a certain 
5 aspect of the invention, the content of two or more compartments are pooled together 
and subsequently split into an array of compartments for a new round of reaction. 
Thus, in any round subsequent to the first round, the end product of a preceding round 
of reaction is used as the nascent bifunctional complex to obtain a library of Afunctional 
complexes, in which each member of the library comprises a reagent specific reaction 
1 0 product and respective tags which codes for the identity of each of the reactants that 
have participated in the formation of the reaction product. Between each round of reac- 
tion the content of the compartments is in an aspect of the invention mixed together 
and split into compartments again. In other aspects of the invention the content of a 
compartment is after having received a codon but before a reaction has occurred di- 
1 5 vided into further compartments in which a further codon is received and a reaction 
occurs with the two reactants that have been encoded. In another aspect of the inven- 
tion, more than two codons are encoded before a reaction between chemical reaction 
site and reactants are allowed to take place. In the alternative, two or more reactions 
are allowed to occur before an encoding with the respective tags is initiated. 



20 



The individual codons may be distinguished from another codon in the library by only a 
single nucleotide. However, to facilitate a subsequent decoding process it is in general 
desired to have two or more differences between a particular codon and any other 
codon. As an example, if a codon/anticodon length of 5 nucleotides is selected, more 

25 than 1 00 nucleotide combinations exist in which two or more differences appear. For a 
certain number of nucleotides in the codon, it is generally desired to optimize the num- 
ber of differences between a particular codon/anticodon relative to any other 
codon/anticodon appearing in the library. An oligonucleotide codon may comprise any 
suitable number of nucleotides, such as from 2 to 100, 3 to 50, 4 to 20 or 5 to 15 nu- 

30 cleotides. 



The reactant can be a free reactant or a zipper building block. The reactant serves the 
function of being a precursor for the structural entity eventually incorporated in to the 
displayed molecule part. There structure of a reactant may after reaction with a chemi- 
cal reaction site become changed in a subsequent round. In the event the reactant is a 
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zipper building block, a cleavage of the linkage between the functional entity and the 
oligonucleotide is normally conducted after reaction. An exception is in the final round, 
in which the cleavage can be dispensed with. The cleavage can occur subsequent to or 
simultaneously with the reaction with the chemical reaction site. The cleavage may 
5 generate a reactive group which in a subsequent step can participate in the formation 
of a connection between the nascent display molecule and a reactant. 

The free reactant or the functional entity of the zipper building block preferably com- 
prises at least one reactive group capable of participating in a reaction which results in 

10 a connection to the chemical reaction site of the nascent Afunctional molecule. The 

number of reactive groups which appear on the free reactant and the functional entity is 
suitably one to ten. A free reactant or a functional entity featuring only one reactive 
group is used i.a. in the end positions of polymers or scaffolds, whereas functional enti- 
ties having two reactive groups are suitable for the formation of the body part of a 

1 5 polymer or scaffolds capable of being reacted further. Two or more reactive groups 
intended for the formation of connections, are typically present on scaffolds. A scaffold 
is a core structure, which forms the basis for the creation of multiple variants. The vari- 
ant forms, of the scaffold are typically formed through reaction of reactive groups of the 
scaffold with reactive groups of other reactants, optionally mediated by fill-in groups or 

20 catalysts. The functional entities or free reactants to be connected to the scaffold may 
contain one, two or several reactive groups able to form connections. Examples of 
scaffolds include steroids, hydantions, benzodiazepines, etc. 

The reactive group of the free reactant or the functional entity attached to a nucleic acid 
. 25 comprising a zipper region, i.e. a region promiscuously binding to a linking moiety of 
the nascent bifunctional complex, may be capable of forming a direct connection to a 
reactive groups of the chemical reactive site or the reactant may be capable of forming 
a connection to a reactive group of the chemical reactive site through a bridging fill-in 
group. It is to be understood that not all the atoms of the reactive groups are necessar- 
30 ily maintained in the connection formed. Rather the reactive groups are to be regarded 
as precursors for the structure of the connection. 

When a zipper building block is used, a cleavage may be performed after or simultane- 
ously with the formation of the connection between the chemical reaction site and the 
35 functional entity. The cleavage can be performed in any appropriate way. In an aspect 
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of the invention the cleavage involves usage of a reagent or enzyme. The cleavage 
results in a transfer of the functional entity to the nascent bifunctional complex or in a 
transfer of the complex to the functional entity of the zipper building block. In some 
cases it may be advantageous to introduce new chemical groups as consequence of 
5 the cleavage. The new chemical groups may be used for further reaction in a subse- 
quent cycle, either directly or after having been activated. In other cases it s desirable 
that no trace of the linker remains after the cleavage. In some aspects of the invention 
it may not be desired to cleave on or more chemical bonds. As an example, it may be 
desirable to maintain the connection between the zipper domain and the functional 
1 0 entity in the last round. 

In some aspects of the invention, the connection and the cleavage is conducted as a 
simultaneous reaction, i.e. either the functional entity of the zipper building block or the 
chemical reactive site of the nascent bifunctional complex is a leaving group of the re- 

15 action. In some aspects of the invention, it is preferred to design the system such that 
the cleavage occurs simultaneously because this will reduce the number of steps and 
the complexity. The simultaneous connection and cleavage can also be designed such 
that either no trace of the linker remains or such that a new chemical group for further 
reaction is introduced, as described above. In other aspects of the invention, it is pre- 

20 ferred to conduct separate cross-linking and cleavage steps because the stepwise ap- 
proach allows for mastering each sub step and for a reduction of the likelihood of non- 
specific transfer. 

The attachment of the functional entity to the oligonucleotide comprising a zipping do- 
25 main is usually conducted through a linker. Preferably the linker connects the functional 
entity with the oligonucleotide at a terminal nucleotide or a nucleotide 1 or two nucleo- 
tides down the oligonucleotide. The attachment of the functional entity can be at any 
entity available for attachment, i.e. the functional entity can be attached to a nucleotide 
of the oligonucleotide at the nucleobase, or the back bone. In general, it is preferred to 
30 attach the functional entity at the phosphor of the internucleoside linkage or at the nu- 
cleobase. 

In a certain aspect of the invention, the reactive group of the functional entity is at- 
tached to the oligonucleotide, optionally through a suitable spacer. The reactive group 
35 is preferably of a type which is able to create a connection to the nascent display mole- 
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cule by either direct reaction between the respective reactive groups or by using a suit- 
able fill-in group. The reactive group coupling the functional entity with the oligonucleo- 
tide is preferably cleaved simultaneously with the establishment of the connection. The 
functional entity may in some cases contain a second reactive group able to be in- 
5 volved in the formation of a connection in a subsequent cycle. The second reactive 
group may be of a type which needs activation before it is capable of participating in 
the formation of a connection. 



Preferably at least one linker remains intact after the cleavage step. The at least one 
10 linker will link the display molecule to the coding part, i.e. the part comprising the one or 
more tags identifying the various reactant that have participated in the formation of the 
display molecule. It may be desired to connect the display molecule part to the coding 
part of the Afunctional complex through a space comprising a selectively cleavable 
linker. The selectively cleavable linker is designed such that it is not cleaved under 
1 5 conditions which result in a transfer of a function entity to the chemical reaction site. 



The cleavable linkers may be selected from a large plethora of chemical structures. 
, Examples of linkers includes, but are not limited to, linkers having an enzymatic cleav- 
age site, linkers comprising a chemical degradable component, and linkers cleavable 
20 by electromagnetic radiation. Cleavable linkers of particular interest are currently link- 
ers that can be cleaved by light. A suitable example includes an o-nitro benzyl group 
positioned between the display molecule and the coding part of the Afunctional com- 
plex. 



25 In the event two or more reactants are reacted with the chemical reactive site, the - 
codons of the coding part may be separated by a constant region or a binding region. 
One function of the binding region may be to establish a platform at which an enzyme, 
•such as polymerase or ligase can recognise as a substrate. Depending on the encoded 
molecule formed, the identifier may comprise further codons, such as 3, 4, 5, or more 

30 codons. Each of the further codons may be separated by a suitable binding region. 

Preferably, all or at least a majority of the codons of the identifier are separated from a 
neighbouring codon by a binding sequence. The binding region may have any suitable 
number of nucleotides, e.g. 1 to 20. 
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The binding region, if present, may serve various purposes besides serving as a sub- 
strate for an enzyme, tn one setup of the invention, the binding region identifies the 
position of the codon. Usually, the binding region either upstream or downstream of a 
codon comprises information which ailows determination of the position of the codon. 
5 In another setup, the binding regions have alternating sequences, allowing for addition 
of building blocks from two pools in the formation of the library. Moreover, the binding 
region may adjust the annealing temperature to a desired level. 



A binding region with high affinity can be provided by incorporation of one or more nu- 
10 cleobases forming three hydrogen bonds to a cognate nucleobase. Examples of nu- 
cleobases having this property are guanine and cytosine. Alternatively, or in addition, 
the binding region may be subjected to backbone modification. Several backbone 
modifications provides for higher affinity, such as Z-O-methyl substitution of the ribose 
moiety, peptide nucleic acids (PNA), and 2'-4' O-methylene cyclisation of the ribose 
1 5 moiety, also referred to as LNA (Locked Nucleic Acid). 

The identifier may comprise flanking regions around the codons. The flanking region 
can encompass a signal group, such as a flourophor or a radio active group to allow for 
detection of the presence or absence of a complex or the flanking region may comprise 
20 a label that may be detected, such as biotin. When the identifier comprises a biotin 
moiety, the identifier may easily be recovered. 

The flanking regions can also serve as priming sites for amplification reactions, such as 
PCR. Usually, the last cycle in the formation of the Afunctional complex includes the 
25 incorporation of a priming site. A region of the Afunctional complex close to the display 
molecule, such as a nucleic acid sequence between the display molecule and the 
codon coding for the scaffold molecule, is usually used for another priming site, thereby 
allowing for PCR amplification of the coding region of the Afunctional complex. 

30 Combination of Mode 1 and Mode 2: 

In a certain aspect of the invention, mode 1 and mode 2 described above is combined, 
i.e. different reactants are used in different rounds. Also within mode 1 and mode 2 
different building blocks may be used in different rounds. 
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In the formation of a library it may be advantageous to use a combination of a one-pot 
synthesis strategy (mode 1) and a split-and-mix strategy (mode 2), because each of 
mode 1 and mode 2 has its virtues. The one-pot strategy offers the possibility of having 
the reactive groups in close proximity prior to reaction, thus obtaining a high local 
5 concentration and the convenience of having a single container. The split-and mix 
strategy offers the possibility of having a free reactant and non-hybridising reaction 
conditions, providing for versatile reactions. It may be appropriate to refer to Fig. 15 in 
which various single encoding enzymatic methods are shown. A split-and-mix 
synthesis strategy is generally used for reactants not having a covalent link between 
10 the reactant/functional entity and the codon/anti-codon, i.e. free reactants and zipper 
building blocks. A one-pot synthesis strategy is generally used for reactants in which a 
covalent link exist between the functional entity and the codon/anti-codon identifying 
said functional entity, i.e. the E2 building blocks, loop building blocks, and the N 
building blocks. 

15 

In a certain embodiment of the invention an intermediate library of Afunctional 
complexes is generated using a one-pot synthesis strategy. This intermediate library is 
subsequently used for the generation of a final library by a split-and-mix synthesis. The 
intermediate library may be generated using a single round or multiple rounds of one- 
20 pot synthesis and the final library may be produced applying a single or multiple rounds 
of split-and-mix. The use of a split-and-mix synthesis in the last round of library 
generation offers the possibility of using a reaction media not compatible with 
maintenance of a hybridisation, e.g. high ionic strength or organic solvents, for the final 
reactant. 

.25 ...... 

In another embodiment an intermediate library is produced using a split and mix 
synthesis strategy. The intermediate library is used for the generation of a final library 
using a one-pot synthesis strategy. The intermediate library may be produced using a 
single or multiple rounds of split-and-mix synthesis and the final library may be 
30 manufactured applying one or more rounds of one-pot synthesis. The one-pot 

synthesis in the final round provide for a close proximity between the growing encoded 
molecule and the functional entity. The close proximity results in a high local 
concentration promoting the reaction even for reactants having a relatively low 
tendency to react. 



35 
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Multiple encoding 

Multiple encoding implies that two or more codons are provided in the identifier prior to 
or subsequent to a reaction between the chemical reactive site and two or more 
reactants. Multiple encoding has various advantages, such allowing a broader range of 
5 reactions possible, as many compounds can only be synthesis by a three (or more) 
component reaction because an intermediate between the first reactant and the 
chemical reactive site is not stable. Other advantages relates to the use of organic 
solvents and the availability of two or more free reactants in certain embodiments. 

10 Thus in a certain aspect of the invention, it relates to a method for obtaining a 

Afunctional complex comprising a display molecule part and a coding part, wherein the 
display molecule is obtained by reaction of a chemical reactive site with two or more 
reactants and the coding part comprises tag(s) identifying the reactants. 

15 In a certain aspect of the invention, a first reactant forms an intermediate product upon 
reaction with the chemical reactive site and a second reactant reacts with the 
intermediate product to obtain the display molecule or a precursor thereof. In another 
aspect of the invention, two or more reactants react with each other to form an 
intermediate product and the chemical reactive site reacts with this intermediate 

20 product to obtain the display molecule or a precursor thereof. The intermediate product 
can be obtained by reacting the two or more reactants separately and then in a 
subsequent step reacting the intermediate product with the chemical reactive site. 
Reacting the reactants in a separate step provide for the possibility of using conditions 
the tags would not withstand. Thus, in case the coding part comprises nucleic acids, 

25 the reaction between the reactant may be conducted at conditions that otherwise would 
degrade the nucleic acid. 

The reactions may be carried out in accordance with the scheme shown below. The 
scheme shows an example in which the identifying tags for two reactants and the 
30 chemical reactive site (scaffold) attached to the chemical reaction site are provided in 
separate compartments. The compartments are arranged in an array, such as a micro- 
titer plate, allowing for any combination of the different acylating agents and the differ- 
ent alkylating agents. 
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Starting situation: 
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The two reactants are either separately reacted with each other in any combination or 
5 subsequently added to each compartment in accordance with the tags of the coding 
part or the reactants may be added in any order to each compartment to allow for a 
direct reaction. The scheme below shows the result of the reaction. 



Plate of products * 
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10 

As an example XA2 denotes display molecule XA2 in its final state, i.e. fully assembled 
from fragments X, A and 2. 



The coding part comprising the two or more tags identifying the reactants, may be pre- 
• 15 pared in any suitable way either before or after the reaction. In one aspect of the inven- 
tion, each of the coding parts are synthesised by standard phosphoramidite chemistry. 
In another aspect the tags are pre-prepared and assembled into the final coding part by 
chemical or enzymatic ligation. 



20 Various possibilities for chemical ligation exist. Suitable examples include that 

a) a first oligonucleotide end comprises a 3'-OH group and the second oligonucleotide 
end comprises a 5'-phosphor-2-imidazole group. When reacted a phosphodiester in- 
ternucleoside linkage is formed, 
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b) a first oligonucleotide end comprising a phosphoimidazolide group and the 3'-end 
and a phosphoimidazolide group at the 5'-and. When reacted together a phosphodi- 
ester internucleoside linkage is formed, 

c) a first oligonucleotide end comprising a 3'-phosphorothioate group and a second 
5 oligonucleotide comprising a 5'-iodine. When the two. groups are reacted a 3*-0- 

P(=0)(OH)-S-5* internucleoside linkage is formed, and 

d) a first oligonucleotide end comprising a 3 -phosphorothioate group and a second 
oligonucleotide comprising a S'-tosylate. When reacted a 3'-0-P(=0)(OH)-S-5' internu- 
cleoside linkage is formed. 

10 

Suitably, the tags operatively are joined together, so that as to allow a nucleic acid ac- 
tive enzyme to recognize the ligation area as substrate. Notably, in a preferred em- 
bodiment, the ligation is performed so as to allow a polymerase to recognise the ligated 
strand as a template. Thus, in a preferred aspect, a chemical reaction strategy for the 
15 coupling step generally includes the formation of a phosphodiester internucleoside 
linkage. In accordance with this aspect, method a) and b) above are preferred. 

In another aspect, when ligases are used for the ligation, suitable examples include 
Taq DNA ligase, T4 DNA ligase, 17 DNA ligase, and E. coii DNA ligase. The choice of 
20 the ligase depends to a certain degree on the design of the ends to be joined together. 
Thus, if the ends are blunt, T4 DNA ligase may be preferred, while a Taq DNA ligase 
may be preferred for a sticky end ligation, i.e. a ligation in which an overhang on each 
end is a complement to each other. 

25 In a certain aspect of the invention enzymatic encoding is preferred because of the 
specificity enzymes provide. Fig. 17 discloses a variety of methods for enzymatically 
encoding two or more reactants in the coding part of the bifunctional molecule. The 
choice of encoding method depends on a variety of factors, such as the need for free 
reactants, the need for proximity, and the need for convenience. The enzymatic double 

30 encoding methods shown on Fig. 17 may easily be expanded to triple, quarto, etc. en- 
coding. 

In accordance with a certain embodiment functional entities are attached to identifying 
tags, and each functional entity carries one or more reactive groups. All the functional 
35 entities react with each other to generate the final product containing as many tags as 
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functional entities. The tags may be combined into a single coding part, usually an oli- 
gonucleotide through an intermolecular reaction or association followed by cleavage of 
two of the linkers, as shown below: 
A 

A X 1 A X 1 A X 1 

•hi* — II'--- 1 

* * I * * * * 1 * * ** I ** 

x x a x 1 

5 Bold lines represent tags. Thin lines represent linkers or bonds. "* D denotes a priming 
site. In some aspects of the invention X is regarded as the chemical reactive site. 

In one aspect of the above embodiment the tags are of oligonucleotides, which 
combine through chemical ligation or enzyme catalysed ligation. 

Alternatively, the tags are coupled prior to the reaction of the functional entities. In that 
process the functional entities will be cleaved from their tags or cleaved afterwards. 
E.g. 

B. 

A X 1 AX 



10 



I *1* I* — \J_/ ^ 1 



a 

15 x x 



An embodiment of the above schematic representation comprises, when the tags are 
nucleotides, the combination of tags through chemical ligation or enzyme catalysed 
ligation. 

20 

Example 9 illustrates a multi component reaction in which triple encoding is used. Thus 
after the reaction of three free reactants with a chemical reactive site, the coding part is 
provided with three identifying tags by enzymatic ligation. 

25 Building blocks capable of transferring functional entities. 

The following sections describe the formation and use of exemplary building blocks 
capable of transferring a functional entity to a reactive group of a Afunctional complex. 
A bold line indicates an oligonucleotide. 
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A. Acvlation reactions 

General route to the formation ofacylating building blocks and the use of these: 




N-hydroxymaleimide (1) may be acylated by the use of an acylchloride e.g. acetylchlo- 
ride or alternatively acylated in e.g. THF by the use of dicyclohexylcarbodiimide or 
diisopropylcarbodiimide and acid e.g. acetic acid. The intermediate may be subjected 

10 to Michael addition by the use of excess 1,3-propanedithioI, followed by reaction with 
either 4,4'-dipyridyl disulfide or 2,2-dipyridyl disulfide. This intermediate (3) may then 
be loaded onto an oligonucleotide carrying a thiol handle to generate the building block 
(4). Obviously, the intermediate (2) can be attached to the oligonucleotide using an- 
other linkage than the disulfide linkage, such as an amide linkage and the N- 

15 hydroxymaleimide can be distanced from the oligonucleotide using a variety of spac- 
ers. 

The building block (4) may be reacted with an identifier oligonucleotide comprising a 
recipient amine group e.g. by following the procedure: The building block (4) (1 nmol) is 
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mixed with an amino-oligonucleotide (1 nmol) in hepes-buffer (20 \xL of a 100 mM 
hepes and 1 M NaCI solution, pH=7.5) and water (39 uL). The oligonucleotides are 
annealed together by heating to 50 °C and cooling (2 °C/ second) to 30 °C. The mix- 
ture is then left o/n at a fluctuating temperature (10 °C for 1 second then 35 °C for 1 
5 second), to yield the product (5). 

In more general terms, the building blocks indicated below is capable of transferring a 
chemical entity (CE) to a recipient nucleophilic group, typically an amine group. The 
bold lower horizontal line illustrates the building block and the vertical line illustrates a 
10 spacer. The 5-membered substituted N-hydroxysuccinimid (NHS) ring serves as an 
activator, i.e. a labile bond is formed between the oxygen atom connected to the NHS 
ring and the chemical entity. The labile bond may be cleaved by a nucleophilic group, 
e.g. positioned on a scaffold 



15 




Another building block which may form an amide bond is 



WO 2004/039825 



PCT/DK2003/000739 



43 



R may be absent or N0 2 , CF 3f halogen, preferably CI, Br, or I, and Z may be S or O. 
This type of building block is disclosed in Danish patent application No. PA 2002 0951 
and US provisional patent application filed 20 December 2002 with the title "A building 
block capable of transferring a functional entity to a recipient reactive group 0 . The con- 
5 tent of both patent application are incorporated herein in their entirety by reference.. 

A nucleophilic group can cleave the linkage between Z and the carbonyl group thereby 
transferring the chemical entity -(C^-CE' to said nucleophilic group. 
B. Alkvlation 

1 0 General route to the formation of alkylating/vinylating building blocks and use of these: 
Alkylating building blocks may have the following general structure: 



R 1 = H, Me, Et, IPr, CI, N0 2 
R 2 = H, Me, Et, iPr, CI, N0 2 

15 

R 1 and R 2 may be used to tune the reactivity of the sulphate to allow appropriate reac- 
tivity. Chloro and nitro substitution will increase reactivity. Alkyl groups will decrease 
reactivity. Ortho substituents to the sulphate will due to steric reasons direct incoming 
nucleophiles to attack the R-group selectively and avoid attack on sulphur. 




20 



An example of the formation of an alkylating building block and the transfer of a func- 
tional entity is depicted below: 
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3-Aminophenol (6) is treated with maleic anhydride, followed by treatment with an acid 
e.g. H 2 S0 4 or P 2 O s and heated to yield the maleimide (7). The ring closure to the 
5 maleimide may also be achieved when an acid stable O-protection group is used by 
treatment with Ac 2 6, with or without heating, followed by O-deprotection. Alternatively 
reflux in AC2O, followed by O-deacetylation in hot water/dioxane to yield (7). 
Further treatment of (7) with S0 2 CI 2 , with or without triethylamine or potassium carbon- 
ate in dichloromethane or a higher boiling solvent will yield the intermediate (8), which 
10 may be isolated or directly further transformed into the aryl alkyl sulphate by the 

quench with the appropriate alcohol, in this case MeOH, whereby (9) will be formed. 

The organic moiety (9) may be connected to an oligonucleotide, as follows: A thiol car- 
rying oligonucleotide in buffer 50 mM MOPS or hepes or phosphate pH 7.5 is treated 
15 with a 1-100 mM solution and preferably 7.5 mM solution of the organic building block 
(9) in DMSO or alternatively DMF, such that the DMSO/DMF concentration is 5-50%, 
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and preferably 10%. The mixture is left for 1-16 h and preferably 2-4 h at 25 °C to give 
the alkylating agent in this case a methylating building block (10). 

The reaction of the alkylating building block (10) with an amine bearing nascent bifunc- 
5 tional complex may be conducted as follows: The bifunctional complex (1 nmol) is 

mixed the building block (10) (1 nmol) in hepes-buffer (20 of a 100 mM hepes and 1 
M NaCI solution, pH=7.5) and water (39 uL). The oligonucleotides are annealed to 
each other by heating to 50 °C and cooled (2 °C/ second) to 30 °C. The mixture is then 
left o/n at a fluctuating temperature (10 °C for 1 second then 35 °C for 1 second), to 
10 yield the methylamine reaction product (11). 

In more general terms, a building block capable of transferring a chemical entity to a 
receiving reactive group forming a single bond is 




15 I 

The receiving group may be a nucleophile, such as a group comprising a hetero atom, 
thereby forming a single bond between the chemical entity and the hetero atom, or the 
receiving group may be an electronegative carbon atom, thereby forming a C-C bond 
20 between the chemical entity and the scaffold. 

C. Vinvlation reactions 

A vinylating building block may be prepared and used similarly as described above for 
an alkylating building block. Although instead of reacting the chlorosulphonate (8 
25 above) with an alcohol, the intermediate chlorosulphate is isolated and treated with an 
enolate or O-trialkylsilylenolate with or without the presence of fluoride. E.g. 
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(6) (7) (8) 




Formation of an exemplary vinylating building block (13): 
5 The thiol carrying oligonucleotide in buffer 50 mM MOPS or hepes or phosphate pH 7.5 
is treated with a 1-100 mM solution and preferably 7.5 mM solution of the organic moi- 
ety (12) in DMSO or alternatively DMF, such that the DMSO/DMF concentration is 5- 
50%, and preferably 10%. The mixture is left for 1-16 h and preferably 2-4 h at 25 °C to 
give the vinylating building block (13). 



The sulfonylenolate (13) may be used to react with amine carrying scaffold to give an 
enamine (14a and/or 14b) or e.g. react with a carbanion to yield (15a and/or 15b). E.g. 
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The reaction of the vinylating building block (13) and an amine or nitroalkyl carrying 
identifier may be conducted as follows: 
5 The amino-oligonucleotide (1 nmol) or nitroalkyl-oligonucleotide (1 nmol) identifier is 
mixed with the building block (1 nmol) (13) in 0.1 M TAPS, phosphate or hepes-buffer 
and 300 mM NaCI solution, pH=7.5-8.5 and preferably pH=8.5. The oligonucleotides 
are annealed to the template by heating to 50 °C and cooled (2 °C/ second) to 30 °C. 
The mixture is then left o/n at a fluctuating temperature (10 °C for 1 second then 35 °C 
10 for 1 second), to yield reaction product (14a/b or 15a/b). Alternative to the alkyl and 
vinyl sulphates described above may equally effective be sulphonates as e.g. (31) 
(however with R" instead as alkyl or vinyl), described below, prepared from (28, with 
the phenyl group substituted by an alkyl group) and (29), and be used as alkylating and 
vinylating agents. 

15 

Another building block capable of forming a double bond by the transfer of a chemical 
entity to a recipient aldehyde group is shown below. A double bond between the car- 
bon of the aldehyde and the chemical entity is formed by the reaction. 

20 
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The above building block is comprised by the Danish patent application No. DK PA 
2002 01952 and the US provisional patent application filed 20 December 2002 with the 
5 title B A building block capable of transferring a functional entity to a recipient reactive 
group forming a C=C double bond". The content of both patent applications are incor- 
porated herein in their entirety by reference. 

D. Alkenvlidation reactions 
1 0 General route to the formation of Wittig and HWE building blocks and use of these: 

Commercially available compound (16) may be transformed into the NHS ester (17) by 
standard means, i.e. DCC or DIC couplings. An amine carrying oligonucleotide in buffer 
50 mM MOPS or hepes or phosphate pH 7.5 is treated with a 1-100 mM solution and 

15 preferably 7.5 mM solution of the organic compound in DMSO or alternatively DMF, 
such that the DMSO/DMF concentration is 5-50%, and preferably 10%. The mixture is 
left for 1-16 h and preferably 2-4 h at 25 °C to give the phosphine bound precursor 
building block (18). This precursor building block is further transformed by addition of 
the appropriate alkylhalide, e.g. A/,A/-dimethyl-2-iodoacetamide as a 1-100 mM and 

20 preferably 7.5 mM solution in DMSO or DMF such that the DMSO/DMF concentration 
is 5-50%, and preferably 10%. The mixture is left for 1-16 h and preferably 2-4 h at 25 
°C to give the building block (19). As an alternative to this, the organic compound (17) 
may be P-alkylated with an alkylhalide and then be coupled onto an amine carrying 
oligonucleotide to yield (1 9). 

25 

An aldehyde carrying identifier (20), may be formed by the reaction between the NHS 
ester of 4-formylbenzoic acid and an amine carrying oligonucleotide, using conditions 
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similar to those described above. The identifier (20) reacts with (19) under slightly alka- 
line conditions to yield the alkene (21). 




5 

The reaction of monomer building blocks (19) and identifier (20) may be conducted as 
follows: The identifier (20) (1 nmol) is mixed with building block (19) (1 nmol) in 0.1 M 
TAPS, phosphate or hepes-buffer and 1 M NaCI solution, pH=7.5-8.5 and preferably 
pH=8.0. The reaction mixture is left at 35-65 °C preferably 58 °C over night to yield 
1 0 reaction product (21 ). 

As an alternative to (17), phosphonates (24) may be used instead. They may be pre- 
pared by the reaction between diethylchlorophosphite (22) and the appropriate carboxy 
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carrying alcohol. The carboxylic acid is then transformed into the NHS ester (24) and 
the process and alternatives described above may be applied. Although instead of a 
simple P-alkylation, the phosphite may undergo Arbuzov's reaction and generate the 
phosphonate. Building block (25) benefits from the fact that it is more reactive than its 
5 phosphonium counterpart (19). 




P-0-<CR 2 ) n O 

EtO EtO 

(22) (23) (24) 

n=0-2 



Q 



O y—NMe 2 
O, /=\ O— P- 



r 



(25) 



10 E. Transition metal catalyzed arylation. hetavlation and vinvlation reactions 

Electrophilic building blocks (31) capable of transferring an aryl, hetaryl or vinyl func- 
tionality may be prepared from organic compounds (28) and (29) by the use of coupling 
procedures for maleimide derivatives to SH-carrying oligonucleotides described above. 
Alternatively to the maleimide the NHS-ester derivatives may be prepared from e.g. 

15 carboxybenzensulfonic acid derivatives, be used by coupling of these to an amine car- 
rying oligonucleotide. The R-group of (28) and (29) is used to tune the reactivity of the 
sulphonate to yield the appropriate reactivity. 

The transition metal catalyzed cross coupling may be conducted as follows: A premix 
20 of 1 .4 mM Na 2 PdCI 4 and 2.8 mM P(p-S0 3 C 6 H 4 )3 in water left for 15 min was added to a 
mixture of the identifier (30) and building block (31) (both 1 nmol) in 0.5 M NaOAc 
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buffer at pH=5 and 75 mM NaCI (final [Pd]=0.3 mM). The mixture is then left o/n at 35- 
65 °C preferably 58 °C, to yield reaction product (32). 



5 




R" = aryl, hetaryl or vinyl 



Corresponding nucleophilic monomer building blocks capable of transferring an aryl, 
hetaryl or vinyl functionality may be prepared from organic compounds of the type (35). 
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This is available by estrification of a boronic acid by a did e.g. (33), followed by trans- 
formation into the NHS-ester derivative. The NHS-ester derivative may then be coupled 
to an oligonucleotide, by use of coupling procedures for NHS-ester derivatives to amine 
carrying oligonucleotides described above, to generate building block type (37). Alter- 
5 natively, maleimide derivatives may be prepared as described above and loaded onto 
SH-carrying oligonucleotides. 



The transition metal catalyzed cross coupling is conducted as follows: 
A premix of 1 .4 mM Na 2 PdCI 4 and 2.8 mM P(p-S0 3 C 6 H 4 )3 in water left for 15 min was 
10 added to a mixture of the identifier (36) and the building block (37) (both 1 nmol) in 0.5 
M NaOAc buffer at pH=5 and 75 mM NaCI (final [Pd]=0.3 mM). The mixture is then left 
o/n at 35-65 °C preferably 58 °C, to yield template bound (38). 



HOOC 




15 
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R = aryl, hetaryl or vinyl 

F. Reactions of enamine and enolether monomer building blocks 
5 Building blocks loaded with enamines and enolethers may be prepared as follows: 
For Z=NHR (R=H, alkyl, aryl, hetaryl), a 2-mercaptoethylamine may be reacted with a 
dipyridyl disulfide to generate the activated disulfide (40), which may then be con- 
densed to a ketone or an aldehyde under dehydrating conditions to yield the enamine 
(41). For Z=OH, 2-mercaptoethanol is reacted with a dipyridyl disulfide, followed by O- 
10 tosylation (Z=OTs). The tosylate (40) may then be reacted directly with an enolate or in 
the presence of fluoride with a Otrialkylsilylenolate to generate the enolate (41). 
The enamine or enolate (41) may then be coupled onto an SH-carrying oligonucleotide 
as described above to give the building block (42). 




The building block (42) may be reacted with a carbonyl carrying identifier oligonucleo- 
5 tide like (44) or alternatively an alkylhalide carrying oligonucleotide like (43) as follows: 
The building block (42) (1 nmol) is mixed with the identifier (43) (1 nmol) in 50 mM 
MOPS, phosphate or hepes-buffer buffer and 250 mM NaCI solution, pH=7.5-8.5 and 
preferably pH=7.5. The reaction mixture is left at 35-65 °C preferably 58 °C over night 
or alternatively at a fluctuating temperature (10 °C for 1 second then 35 °C for 1 sec- 
1 0 ond) to yield reaction product (46), where Z=0 or NR. For compounds where Z=NR 
slightly acidic conditions may be applied to yield product (46) with Z=0. 

The building block (42) (1 nmol) is mixed with the identifier (44) (1 nmol) in 0.1 M 
TAPS, phosphate or hepes-buffer buffer and 300 mM NaCI solution pH=7.5-8.5 and 
15 preferably pH=8.0. The reaction mixture is left at 35-65 °C preferably 58 °C over night 
or alternatively at a fluctuating temperature (10 °C for 1 second then 35 °C for 1 sec- 
ond) to yield reaction product (45), where Z=0 or NR. For compounds where Z=NR 
slightly acidic conditions may be applied to yield product (45) with Z=0. 



20 



WO 2004/039825 



PCT7DK2003/000739 



(43) (44) 




Enolethers type (13) may undergo cycloaddition with or without catalysis. Similarly, 
dienolethers may be prepared and used, e.g. by reaction of (8) with the enolate or trial- 
kylsilylenolate (in the presence of fluoride) of an a,0-unsaturated ketone or aldehyde to 
generate (47), which may be loaded onto an SH-carrying oligonucleotide, to yield 
monomer building block (48). 



55 



[— NH 2 



-n'h 



or 
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(7) 



(47) 



R 4 




The diene (49), the ene (50) and the 1,3-dipole (51) may be formed by simple reaction 
between an amino carrying oligonucleotide and the NHS-ester of the corresponding 
5 organic compound. Reaction of (13) or alternatively (31, R"=vinyi) with dienes as e.g. 
(49) to yield (52) or e.g. 1,3-dipoles (51) to yield (53) and reaction of (48) or (31, 
R w =dienyl) with enes as e.g. (50) to yield (54) may be conducted as follows: 



The building block (13) or (48) (1 nmol) is mixed with the identifier (49) or (50) or (51) 
10 (1 nmol) in 50 mM MOPS, phosphate or hepes-buffer buffer and 2.8 M NaCI solution, 
pH=7.5-8.5 and preferably pH=7.5. The reaction mixture is left at 35-65 °C preferably 
58 °C over night or alternatively at a fluctuating temperature (10 °C for 1 second then 
35 °C for 1 second) to yield template bound (52), (53) or (54), respectively. 
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Cross-link cleavage building blocks 

It may be advantageous to split the transfer of a chemical entity to a recipient reactive 
group into two separate steps, namely a cross-linking step and a cleavage step be- 
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cause each step can be optimized. A suitable building block for this two step process is 
illustrated below: 



Initially, a reactive group appearing on the functional entity precursor (abbreviated 
FEP) reacts with a recipient reactive group, e.g. a reactive group appearing on a scaf- 
fold, thereby forming a cross-link. Subsequently, a cleavage is performed, usually by 
adding an aqueous oxidising agent such as l 2 , Br 2 , Cl 2 , H\ or a Lewis acid. The cleav- 
10 age results in a transfer of the group HZ-FEP- to the recipient moiety, such as a scaf- 
fold. 

In the above formula 
Z is O t S, NR 4 
15 QisN.CR 1 

P is a valence bond, O, S, NR 4 , or a group C^arylene, C^alkylene, C^O-alkylene, 
C^S-alkylene, NR 1 -alkylene, d-ealkylene-O, C^alkylene-S option said group being 
substituted with 0-3 R 4 , 0-3 R 5 and 0-3 R 9 or C r C 3 alkylene-NR 4 2l C^C 3 al- 
kylene-NR 4 C(0)R 8 , C r Cz aIkylene-NR 4 C(0)OR 8 , C,-C 2 alkylene-0-NR 4 2 , d-C 2 al- 
20 kylene-0-NR 4 C(0)R 8 , C r C 2 alkylene-0-NR 4 C(0)OR 8 substituted with 0-3 R 9 , 

B is a group comprising D-E-F, in which 

D is a valence bond or a group Ci-ealkylene, C^atkenylene, C^alkynylene, Cs- 
7 arylene, or C^heteroarylene, said group optionally being substituted with 1 to 4 group 
R 1 \ 

25 E is, when present, a valence bond, O, S, NR 4 , or a group C^alkylene, 

6 alkenylene, C^alkynylene, Cs-yarylene, or Cg-yheteroarylene, said group optionally 
being substituted with 1 to 4 group R 11 , 

F is, when present, a valence bond, O, S, or NR 4 , 




A 



5 
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A is a spacing group distancing the chemical structure from the complementing ele- 
ment, which may be a nucleic acid, 

R\ R 2 , and R 3 are independent of each other selected among the group consisting 
of H, d-C 6 alkyl, C 2 -C 6 alkenyl, d-d alkynyl, C 4 -C 8 alkadienyl, C 3 -C 7 cycloalkyl, C 3 -C 7 
5 cycloheteroalkyl, aryl, and heteroaryl, said group being substituted with 0-3 R 4 t 0-3 R 5 . 
and 0-3 R 9 or C1-C3 alkylene-NR 4 2 , d-C 3 alkyIene-NR 4 C(0)R 8 , d-C 3 al- 
kylene-NR 4 C(0)OR 8 , d-C2 alkylene-0-NR 4 2 , d-C 2 alkylene-0-NR 4 C(0)R 8 , C r C 2 al- 
kylene-0-NR 4 C(0)OR 8 substituted with 0-3 R 9 , 

FEP is a group selected among the group consisting of H, d-C 6 alkyl, C 2 -C 6 alkenyl, 
10 C 2 -C 6 alkynyl, C 4 -C 8 alkadienyl, C 3 -C 7 cycloalkyl, C 3 -C 7 cycloheteroalkyl, aryl, and het- 
eroaryl, said group being substituted with 0-3 R 4 , 0-3 R 5 and 0-3 R 9 or d-C 3 al- 
kylene-NR 4 2 , d-C 3 alkylene-NR 4 C(0)R 8 , d-C 3 alkylene-NR 4 C(0)OR 8 , d-C 2 al- 
kyIene-0-NR 4 2 , d-d alkylene-0-NR 4 C(0)R 8 , d-C 2 alkylene-0-NR 4 C(0)OR 8 substi- 
tuted with 0-3 R 9 , 

15 where R 4 is H or selected independently among the group consisting of Ci-C Q alkyl, 
C 2 -C 6 alkenyl, d-d alkynyl, C 3 -C 7 cycloalkyl, C 3 -C 7 cycloheteroalkyl, aryl, heteroaryl, 
said group being substituted with 0-3 R 9 and 

R 5 is selected independently from -N 3 , -CNO, -C(NOH)NH 2 , -NHOH, -NHNHR 6 , 
-C(0)R 6 , -SnR 6 3 , -B(OR 6 ) 2 , -P(0)(OR 6 ) 2 or the group consisting of C2-C 6 alkenyl, C 2 -C 6 

20 alkynyl, C 4 -C 8 alkadienyl said group being substituted with 0-2 R 7 , 

where R 6 is selected independently from H, d-C 6 alkyl, C 3 .C 7 cycloalkyl, aryl or 
d-C 6 alkylene-aryl substituted with 0-5 halogen atoms selected from -F, -CI, -Br, and - 
I; and R 7 is independently selected from -N0 2 , -COOR 6 , -COR 6 , -CN, -OSiR 6 3 , -OR 6 
and -NR 6 2 . 

25 R 8 is H, d-C 6 alkyl, C 2 -C 6 alkenyl, C^Cq alkynyl, C 3 -C 7 cycloalkyl, aryl or d-C Q al- 
kylene-aryl substituted with 0-3 substituents independently selected from -F, -CI, -N0 2 , 
-R 3 , -OR 3 , -SiR 3 3 

R 9 is =0, -F t -CI, -Br, -I, -CN, -NO a , -OR 6 , -NR 6 2 , -NR 6 -C(0)R 8 , -NR 8 -C(0)OR 8 , -SR 6 , 
-S(0)R 6 , -S(0) 2 R 6 , -COOR 6 , -C(0)NR 6 2 and -S(0) 2 NR 6 2 . 

30 

In a preferred embodiment Z is O or S, P is a valence bond, Q is CH, B is CH 2 , and R 1 , 
R 2 , and R 3 is H. The bond between the carbonyl group and Z is cleavable with aqueous 

l 2 . 
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Cleavable linkers 

A cleavable linker may be positioned between the target and a solid support or be- 
tween the potential drug candidate and the identifier region or any other position that 
may ensure a separation of the nucleic acid sequence comprising the codons from 
5 successful complexes from non-specific binding complexes. The cleavable linker may 
be selectively cleavable, i.e. conditions may be selected that only cleave that particular 
linker. 

The cleavable linkers may be selected from a large plethora of chemical structures. 
10 Examples of linkers includes, but are not limited to, linkers having an enzymatic cleav- 
age site, linkers comprising a chemical degradable component, linkers cleavable by 
electromagnetic radiation. 

Examples of linkers cleavable by electromagnetic radiation (light) 



15 



o-nitrobenzyl 



p-alkoxy 




20 



o-nitrobenzyl in exo position 




For more details see Holmes CP. J. Org. Chem. 1997, 62, 2370-2380 



3-nitrophenyloxy 




0 2 N hv 

For more details see Rajasekharan Pillai, V. N. Synthesis. 1980, 1-26 
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Dansyl derivatives: 




o=s=o 




For more details see Rajasekharan Pillai, V. N. Synthesis. 1980, 1-26 

5 Coumarin derivatives 
.NR 2 R 3 



For more details see R. O. Schoenleber, B. Giese. Synlett 2003, 501-504 

R 1 and R 2 can be either of the potential drug candidate and the identifier, respectively. 
Alternatively, R 1 and R 2 can be either of the target or a solid support, respectively. 
R 3 = HorOCH 3 

If X is O then the product will be a carboxylic acid 
If X is NH the product will be a carboxamide 



One specific example is the PC Spacer Phosphoramidite (Glen research catalog # 10- 
4913-90) which can be introduced in an oligonucleotide during synthesis and cleaved 
by subjecting the sample in water to UV light <~ 300-350 nm) for 30 seconds to 1 min- 




ute. 



20 
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O >-0-P-N(iPr) 2 
DMTO^^^_HrV N 0 2 °- CNEt 



DMT = 4,4-Dimethoxytrityl 
iPr = Isopropy) 
CNEt = Cyanoethyl 



The above PC spacer phosphoamidite is suitable incorporated in a library of complexes 
at a position between the indentifier and the potential drug candidate. The spacer may 
be cleaved according to the following reaction. 




R 1 and R 2 can be either of the encoded molecule and the identifying molecule, respec- 
tively. In a preferred aspect R 2 is an oligonucleotide identifier and the R 1 is the potential 
drug candidate. When the linker is cleaved a phosphate group is generated allowing for 
20 further biological reactions. As an example, the phosphate group may be positioned in 
the 5'end of an oligonucleotide allowing for an enzymatic ligation process to take place. 



Examples of linkers cieavable by chemical agents: 



25 Ester linkers can be cleaved by nucleophilic attack using e.g. hydroxide ions. In prac- 
tice this can be accomplished by subjecting the target-ligand complex to a base for a 
short period. 



R 3 R 4 




OH- O 

v OH 
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R 1 and R 2 can be the either of be the potential drug candidate or the identifier, respec- 
tively. R 4 - 6 can be any of the following: H, CN, F f N0 2 , S0 2 NR 2 . 

5 

Disulfide linkers can efficiently be cleaved / reduced by Tris (2-carboxyethyl) phosphine 
(TCEP). TCEP selectively and completely reduces even the most stable water-soluble 
alkyl disulfides over a wide pH range. These reductions frequently required less than 5 
minutes at room temperature. TCEP is a non-volatile and odorless reductant and unlike 
10 most other reducing agents, it is resistant to air oxidation. Trialkylphosphines such as 
TCEP are stable in aqueous solution, selectively reduce disulfide bonds, and are es- 
sentially unreactive toward other functional groups commonly found in proteins. 




h 2 o 



R*-SH + HS-R 2 + 




15 More details on the reduction of disulfide bonds can be found in Kirley, T.L(1989), Re- 
duction and fluorescent labeling of cyst(e)ine-containing proteins for subsequent struc- 
tural analysis, Anal. Biochem. 180, 231 and Levison, M.E., et a/. (1969), Reduction of 
biological substances by water-soluble phosphines: Gamma-globulin. Experentia 25, 
126-127. 

20 

Linkers cleavable by enzymes 

The linker connecting the potential drug candidate with the identifier or the solid sup- 
port and the target can include a peptide region that allows a specific cleavage using a 
protease. This is a well-known strategy in molecular biology. Site-specific proteases 
25 and their cognate target amino acid sequences are often used to remove the fusion 
protein tags that facilitate enhanced expression, solubility, secretion or purification of 
the fusion protein. 

Various proteases can be used to accomplish a specific cleavage. The specificity is 
especially important when the cleavage site is presented together with other se- 
30 quences such as for example the fusion proteins. Various conditions have been opti- 
mized in order to enhance the cleavage efficiency and control the specificity. These 
conditions are available and know in the art. 
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Enterokinase is one example of an enzyme (serine protease) that cut a specific amino 
acid sequence. Enterokinase recognition site is Asp-Asp-Asp-Asp-Lys (DDDDK), and it 
cleaves C-terminally of Lys. Purified recombinant Enterokinase is commercially avail- 
. 5 able and is highly active over wide ranges in pH (pH .4.5-9.5) and temperature (4- . 
45°C). 

The nuclear inclusion protease from tobacco etch virus (TEV) is another commercially 
available and well-characterized proteases that can be used to cut at a specific amino 
1 0 acid sequence. TEV protease cleaves the sequence Glu-Asn-Leu-Tyr-Phe-GIn- 
Gly/Ser (ENLYFQG/S) between Gln-Gly or Gln-Ser with high specificity. 

Another well-known protease is thrombin that specifically cleaves the sequence Leu- 
Val-Pro-Arg-Gly-Ser (LVPAGS) between Arg-Gly. Thrombin has also been used for 
15 cleavage of recombinant fusion proteins. Other sequences can also be used for throm- 
bin cleavage; these sequences are more or less specific and more or less efficiently 
cleaved by thrombin. Thrombin is a highly active protease and various reaction condi- 
tions are known to the public. 

20 Activated coagulation factor FX (FXa) is also known to be a specific and useful prote- 
ase. This enzyme cleaves C-terminal of Arg at the sequence lle-Glu-Gly-Arg (IEGR). 
FXa is frequently used to cut between fusion proteins when producing proteins with 
recombinant technology. Other recognition sequences can also be used for FXa. 

25 Other types of proteolytic enzymes can also be used that recognize specific amino acid 
sequences. In addition, proteolytic enzymes that cleave amino acid sequences in an 
un-specific manner can also be used if only the linker contains an amino acid sequence 
in the complex molecule. 

30 Other type of molecules such as ribozymes, catalytically active antibodies, or lipases 
can also be used. The only prerequisite is that the catalytically active molecule can 
cleave the specific structure used as the linker, or as a part of the linker, that connects 
the encoding region and the displayed molecule or, in the alternative the solid support 
and the target. 



35 
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A variety of endonucleases are available that recognize and cleave a double stranded 
nucleic acid having a specific sequence of nucleotides. The endonuclease Eco Rl is an 
example of a nuclease that efficiently cuts a nucleotide sequence linker comprising the 
sequence GAATTC also when this sequence is close to the nucleotide sequence 
5 length. Purified recombinant Eco Rl is commercially available and is highly active in a 
range of buffer conditions. As an example the Eco Rl is working in in various protocols 
as indicted below (NEBuffer is available from New England Biolabs): 
NEBuffer 1 : [10 mM Bis Tris Propane-HCI, 10 mM MgCI 2 , 1 mM dithiothreitol (pH 7.0 
at 25°C)], 

10 NEBuffer 2 : [50 mM NaCI, 10 mM Tris-HCI, 10 mM MgCI 2 , 1 mM dithiothreitol (pH 7.9 
at 25°C)], 

NEBuffer 3 : [100 mM NaCI, 50 mM Tris-HCI, 10 mM MgCI 2 , 1 mM dithiothreitol (pH 7.9 
at 25°C)], 

NEBuffer 4 : [50 mM potassium acetate, 20 mM Tris-acetate, 10 mM magnesium ace- 
15 tate, 1 mM dithiothreitol (pH 7.9 at 25°C)]. 

Extension buffer : mM KCI, 20 mM Tris-HCI(Ph 8.8 at 25° C), 10 mM (NH 4 ) 2 S0 4 , 2 
mM MgSO 4 and 0.1% Triton X-100, and 200 pM dNTPs. 



Nucleotides 

20 The nucleotides used in the present invention may be linked together in a sequence of 
nucleotides, i.e. an oligonucleotide. Each nucleotide monomer is normally composed of 
two parts, namely a nucleobase moiety, and a backbone. The back bone may in some 
cases be subdivided into a sugar moiety and an internucleoside linker. 

25 The nucleobase moiety may be selected among naturally occurring nucleobases as 
well as non-naturally occurring nucleobases. Thus, "nucleobase" includes not only the 
known purine and pyrimidine hetero-cycles, but also heterocyclic analogues and 
tautomers thereof. Illustrative examples of nucleobases are adenine, guanine, thymine, 
cytosine, uracil, purine, xanthine, diaminopurine, 8-oxo-N 6 -methyladenine, 7- 

30 deazaxanthine, 7-deazaguanine, N 4 ,N 4 -ethanocytosin, N 6 ,N 6 -ethano-2,6-diamino- 
purine, 5-methylcytosine, 5-(C 3 -C 6 )-aIkynylcytosine, 5-fluorouracil, 5-bromouracil, 
pseudoisocytosine, 2-hydroxy-5-methyl-4-triazolopyridine, isocytosine, isoguanine, 
inosine and the "non-naturally occurring" nucleobases described in Benner et al., U.S. 
Pat No. 5,432,272. The term "nucleobase" is intended to cover these examples as well 

35 as analogues and tautomers thereof. Especially interesting nucleobases are adenine, 
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guanine, thymine, cytosine, 5-methylcytosine, and uracil, which are considered as the 
naturally occurring nucleobases. 

Examples of suitable specific pairs of nucleobases are shown below. 

5 

Natural Base Pairs 

R=H: Uracfl 

R=CH 3 : Thymine Cytosine 



NH 2 HN-^C ~~ BaCkb0ne 

& CO, * 

Backbone 

Adenine 

Guanine 



Synthetic Base Pairs 




, Backbone 



Synthetic purine bases paining with natural pyrimrdines 



R=H: Uracil 

R=CH3: Thymine Cytosine 



NH 2 HM-^" -BacW^ 



7-deaza adenine 

7-deaza guanine 



Suitable examples of backbone units are shown below (B denotes a nucleobase): 
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Oxy-LNA Thio-LNA Amino-LNA 




2M3-hydroxy) P ropyl a'-Phosphononidate Boranophosphates 



The sugar moiety of the backbone is suitably a pentose but may be the appropriate 
part of an PNA or a six-member ring. Suitable examples of possible pentoses include 
ribose, 2'-deoxyribose, 2-O-methyl-ribose, 2'-flour-ribose, and 2'-4 , -0-methylene- 
ribose (LIMA). Suitably the nucleobase is attached to the 1 ■ position of the pentose en- 
tity. 

An internucleoside linker connects the 3' end of preceding monomer to a 5' end of a 
succeeding monomer when the sugar moiety of the backbone is a pentose, like ribose 
or 2-deoxyribose. The internucleoside linkage may be the natural occurring phospodi- 
ester linkage or a derivative thereof. Examples of such derivatives include phos- 
phorothioate, methylphosphonate, phosphoramidate, phosphotriester. and phosphodi- 
thioate. Furthermore, the internucleoside linker can be any of a number of non- 
phosphorous-containing linkers known in the art. 
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Preferred nucleic acid monomers include naturally occurring nucleosides forming part 
of the DNA as well as the RNA family connected through phosphodiester linkages. The 
members of the DNA family include deoxyadenosine, deoxyguanosine, 
5 deoxythymidine, and deoxycytidine. The members of the RNA family include 
adenosine, guanosine, uridine, cytidine, and inosine. 

Selection 

Once the library has been formed in accordance with the methods disclosed herein, 
10 one must screen the library for chemical compounds having predetermined desirable 
characteristics. Predetermined desirable characteristics can include binding to a target, 
catalytically changing the target, chemically reacting with a target in a manner which 
alters/modifies the target or the functional activity of the target, and covalentiy attaching 
to the target as in a suicide inhibitor. In addition to libraries produced as disclosed 
15 herein above, libraries prepared in accordance with method A and B below, may be 
screened according to the present invention. 

A. Display molecules can be single compounds in their final "state", which are tagged _ 
individually and separately. E.g. single compounds may individually be attached to a 

20 unique tag. Each unique tag holds information on that specific compound, such as e.g. 
structure, molecular mass etc. 

B. A display molecule can be a mixture of compounds, which may be considered to be 
in their final "state". These display molecules are normally tagged individually and 

25 . separately, i.e. each single compound in a mixture of compounds may be attached to 
the same tag. Another tag may be used for another mixture of compounds. Each 
unique tag holds information on that specific mixture, such as e.g. spatial position on a 
plate. 

30 The target can be any compound of interest. The target can be a protein, peptide, car- 
bohydrate, polysaccharide, glycoprotein, hormone, receptor, antigen, antibody, virus, 
substrate, metabolite, transition state analog, cofactor, inhibitor, drug, dye, nutrient, 
growth factor, cell, tissue, etc. without limitation. Particularly preferred targets include, 
but are not limited to, angiotensin converting enzyme, renin, cyclooxygenase, 5- 

35 lipoxygenase, IIL- 1 0 converting enzyme, cytokine receptors, PDGF receptor, type II 
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inosine monophosphate dehydrogenase, p-lactamases, and fungal cytochrome P-450. 
Targets can include, but are not limited to, bradykinin, neutrophil elastase, the HIV pro- 
teins, including tat, rev, gag, int, RT, nucleocapsid etc., VEGF, bFGF, TGFp, KGF, 
PDGF, thrombin, theophylline, caffeine, substance P, IgE, sPLA2, red blood cells, 
5 glioblastomas, fibrin clots, PBMCs, hCG, lectins, selecting cytokines, ICP4, comple- 
ment proteins, etc. 

The upper limit for the strength of the stringency conditions is the disintegration of the 
complex comprising the displayed molecule and the encoding region. Screening condi- 
10 tions are known to one of ordinary skill in the art. 

Complexes having predetermined desirable characteristics can be partitioned away 
from the rest of the library while still attached to a nucleic acid identifier tag by various 
methods known to one of ordinary skill in the art. In one embodiment of the invention 
1 5 the desirable products are partitioned away from the entire library without chemical 

degradation of the attached nucleic acid such that the identifier nucleic acids are ampli- 
fiable. The part of the identifier comprising the codons may then be amplified, either still 
attached to the desirable chemical compound or after separation from the desirable 
chemical compound. 

20 

In a certain embodiment, the desirable display molecule acts on the target without any 
interaction between the coding sequences attached to the desirable display compound 
and the target. In one embodiment, the desirable chemical compounds bind to the tar- 
get followed by a partition of the complex from unbound products by a number of 
25 methods. The methods include plastic binding, nitrocellulose filter binding, column 
chromatography, filtration, affinity chromatography, centrifugation, and other well 
known methods for immobilizing targets. 

Briefly, the library is subjected to the partitioning step, which may include contact be- 
30 tween the library and a column onto which the target is bound. All identifier sequences 
which do not encode for a reaction product having an activity towards the target will 
pass through the column. Additional undesirable chemical entities (e.g., entities which 
cross-react with other targets) may be removed by counter-selection methods. Desir- 
able complexes are bound to the column and can be eluted by changing the conditions 
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of the column (e.g., salt, etc.) or the identifier sequence associated with the desirable 
chemical compound can be cleaved off and eluted directly. 

In a certain embodiment, the basic steps involve mixing the library of complexes with 
5 the immobilized target of interest. The target can be attached to a column matrix or 
microtitre wells with direct immobilization or by means of antibody binding or other 
high-affinity interactions. In another embodiment, the target and displayed molecules 
interact without immobilisation of the target. Displayed molecules that bind to the target 
will be retained on this surface, while nonbinding displayed molecules will be removed 

10 during a single or a series of wash steps. The identifiers of complexes bound to the 
target can then be separated by cleaving the physical connection to the synthetic 
molecule. It may be considered advantageously to perform a chromatography step 
after of instead of the washing step. After the cleavage of the physical link between the 
synthetic molecule and the identifier, the identifier may be recovered from the media 

1 5 and optionally amplified before the decoding step. 

In traditional elution protocols, false positives due to suboptimal binding and washing 
conditions are difficult to circumvent and may require elaborate adjustments of experi- 
mental conditions. However, an enrichment of more than 100 to 1000 is rarely ob- 
20 tained. The selection process used in example 7 herein alleviates the problem with 
false positive being obtained because the non-specific binding complexes to a large 
extent remain in the reaction chamber. The experiments reported herein suggest that 
an enrichment of more than 107 can be obtained. 

25 Additionally, chemical compounds which react with a target can be separated from 

those products that do not react with the target. In one example, a chemical compound 
which covalently attaches to the target (such as a suicide inhibitor) can be washed un- 
der very stringent conditions. The resulting complex can then be treated with pro- 
teinase, DNAse or other suitable reagents to cleave a linker and liberate the nucleic 

30 acids which are associated with the desirable chemical compound. The liberated nu- 
cleic acids can be amplified. 

In another example, the predetermined desirable characteristic of the desirable product 
is the ability of the product to transfer a chemical group (such as acyl transfer) to the 
35 target and thereby inactivate the target. One could have a product library where all of 



WO 2004/039825 PCT/DK2003/000739 

71 

the products have a thioester chemical group, or similar activated chemical group. 
Upon contact with the target, the desirable products will transfer the chemical group to 
the target concomitantly changing the desirable product from a thioester to a thiol. 
Therefore, a partitioning method which would identify products that are now thiols 
5 (rather than thioesters) will enable the selection of the desirable products and amplifi- 
cation of the nucleic acid associated therewith. 

There are other partitioning and screening processes which are compatible with this 
invention that are known to one of ordinary skill in the art. In one embodiment, the 
10 products can be fractionated by a number of common methods and then each fraction 
is then assayed for activity. The fractionization methods can include size, pH, hydro- 
phobic^, etc. 

Inherent in the present method is the selection of chemical entities on the basis of a 
15 desired function; this can be extended to the selection of small molecules with a de- 
sired function and specificity. Specificity can be required during the selection process 
by first extracting identifiers sequences of chemical compounds which are capable of 
interacting with a non-desired "target" (negative selection, or counter-selection), fol- 
lowed by positive selection with the desired target. As an example, inhibitors of fungal 
20 cytochrome P-450 are known to cross-react to some extent with mammalian cyto- 
chrome P-450 (resulting in serious side effects). Highly specific inhibitors of the fungal 
cytochrome could be selected from a library by first removing those products capable 
of interacting with the mammalian cytochrome, followed by retention of the remaining 
products which are capable of interacting with the fungal cytochrome. 

25 

Enrichment 

The present invention also relates to a method for determining the identity of a chemi- 
cal entity having a preselected property, comprising the steps of: 

i) generating a tagged library of chemical entities by appending unique identifier tags 
30 to chemical entities, 

ii) subjecting the library to a condition, wherein a chemical entity or a subset of chemi- 
cal entities having a predetermined property is partitioned from the remainder of the 
library, 

iii) recovering an anti-tag from the partitioned library, said anti-tag being capable of 
35 interacting with the unique identifier tag in a specific manner, and 
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iv) identifying the chemical entity/ies having a preselected function by decoding the 
anti-tag. 

The tag is appended the chemical entity by a suitable process. Notably, each chemical 
5 entity is appended a tag by a reaction involving a chemical reaction between a reactive 
group of the chemical entity and a reactive group of the tag, such as method A and B of 
the selection section. The attachment of the chemical entity may be directly or through 
a bridging molecule part. The molecule part may be any suitable chemical structure 
able to connect the chemical entity to the tag. 

10 

The anti-tag has the ability to interact with the unique identifier tag in a specific manner. 
The chemical structure of the anti-tag is to a large extent dependant on the choice of 
unique tag. As an example, if the unique tag is chosen as an antibody, the anti-tag is 
selected as the epitope able to associate with the antibody. In general, it is preferred to 
15 use an anti-tag comprising a sequence of nucleotides complementary to a unique iden- 
tifier tag. 

The method may be performed without amplification in certain embodiments. However, 
when larger libraries are intended, it is in general preferred to use an anti-tag which is 

20 amplifiable. Anti-tags comprising a sequence of nucleotides may be amplified using 
standard techniques like PCR. In the event the anti-tag is a protein, the protein may be 
amplified by attaching the mRNA which has encoded the synthesis thereof, generating 
the cDNA from the mRNA and subjecting said mRNA to a translation system. Such 
system is described in WO 98/31700 the content of which is incorporated herein by 

25 reference. An alternative method for amplifying a protein tag is to use phage-displayed 
proteins. 

In the event the tag as well as the anti-tag is a sequence of nucleic acids, a tag:anti-tag 
hybrid may be formed prior to the subjecting the library to partitioning conditions or 
30 subsequent to the partitioning step. In some embodiments of the invention it is pre- 
ferred to form the tag:anti-tag hybrid prior to the partition step in order to make the ap- 
pended nucleotide sequence inert relative to the system as it is well known that certain 
sequences of nucleotides can bind to a target or catalyse a chemical reaction. 
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The oligonucleotide anti-tag may be formed in a variety of ways. In one embodiment of 
the invention, the anti-tag is formed as an enzymatic extension reaction. The extension 
comprises the initial annealing of a primer to the unique identifier tag and subsequent 
extension of the primer using a polymerase and dNTPs. Other types of extension reac- 
5 tions may also be contemplated. As an example ligases may be used to create the 
primer starting from di- or trinucleotide substrates and the extension may be performed 
using a suitable polymerase. 



It may be desirable to recover the anti-tag at various steps during the process. To this 
1 0 end it is preferred in some aspects of the invention to provide the primer provided with 
a handle capable of binding to a suitable affinity partner. An arsenal of different handles 
and affinity partners are available to the skilled person in the art. The most widely used 
handle is biotin, which in general are also preferred according to the present invention. 
Biotin binds to the affinity partner streptavidin or avidin. A standard technique in the 
15 laboratory is to recover a biochemical entity having attached a biotin using a solid 
phase covered with streptavidin. Suitably, the solid phase is a bead which may be 
separated from the liquid after the binding action by rotation or a magnetic field in case 
the solid bead comprises magnetic particles. 

20 In other aspects of the present invention, the anti-tag is provided as a separate oli- 
gonucleotide. The separate oligonucleotide may be produced using standard amidite 
synthesis strategies or may be provided using other useful methods. It is in general 
preferred to provide the oligonucleotide by synthesis, at least in part, because the biotin 
amidite is easily incorporated in a nascent oligonucleotide strand. Following the addi- 

25 tion of an oligonucleotide anti-tag to a liquid comprising chemical entities tagged with 
complementing oligonucleotide tags a double stranded library is formed as a hybridisa- 
tion product between the unique identifier tag and the anti-tag oligonucleotide. 

As mentioned above, the anti-tag oligonucleotide may be provided with a handle, such 
30 as biotin, capable of binding to an affinity partner, such as streptavidin or avidin. 

Following the addition of the anti-tag oligonucleotides to the tagged chemical entities, 
some of the oligonucleotides present in the media may not find a partner. In one aspect 
of the invention it is preferred that oligonucleotides not hybridised to a cognate unique 
35 identifier and/or anti-tag are transformed into a double helix. In other aspects of the 
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invention single stranded oligonucleotides are degraded prior to step ii) to avoid unin- 
tended interference. 

The handle may be used to purify the library prior to or subsequent to the partitioning 
5 step. In some embodiments of the invention, the purification step is performed prior to 
the partitioning step to reduce the noise of the system. In another aspect the handle is 
used to purify the partitioned library subsequent to step ii) in order to recover a double 
stranded product which may be amplified. 

10 The library is subjected to a condition in order to select chemical entities having a 

property which is responsive to this condition. The condition may involve the exposure 
of the library to a target and partitioning the chemical entities having an affinity towards 
this target. Another condition could be subjecting the library to a substrate and parti- 
tioning chemical entities having a catalytical activity relative to this substrate. 

15 

The anti-tag can be formed subsequent to the partitioning step. In an aspect of the in- 
vention, the single stranded nucleotide serving as a tag is made double stranded while 
the chemical entity is attached to the target of an affinity partitioning. Optionally, in a 
repeated temperature cycle, a plurality of anti-tags may be formed as extension prod- 
20 ucts using the tag as template. In another aspect of the invention, the chemical entity 
bearing the single stranded oligonucleotide is detached from the target and a comple- 
menting anti-tag is subsequently prepared. 

In the event the anti-tag comprises a handle, this handle can be used to purify the parti- 
25 tioned library. The recovery of the anti-tag is then performed by melting off said anti-tag 
from a partitioned double stranded library. Optionally, the amount of anti-tags may be 
multiplied by conventional amplification techniques, such as PCR. 

The method according to the invention can be performed using a single partitioning 
30 step. Usually, it is preferred, however, to use more than one partitioning step in order to 
select the candidate having the desired properties from a large library. Thus, the re- 
covered anti-tags may be mixed with the initial library or a subset thereof and the steps 
of partitioning (step ii)) and recovery (step iii)) may is repeated a desired number of 
times. Optionally, single stranded moieties in the mixture may be degraded or removed 
35 or made inert as described above. 
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Generally, the partitioned library obtained in step ii) is subjected to one or more further 
contacting steps using increasing stringency conditions. The stringency conditions may 
be increased by increasing the temperature, salt concentration, acidity, alkalinity, etc. 

5 

In one embodiment of the invention, the partitioned library is not subjected to interme- 
diate process steps prior to a repeated contacting step. Especially, the partitioned li- 
brary is not subjected to intermediate amplification of the anti-tag. This embodiment 
may be of advantage when relatively small libraries are used. 

10 

The method of the invention terminates with a decoding step, that is a step in which the 
identity of the chemical entity or entities are deciphered by an analysis of the anti-tag. 
When the anti-tag is an oligonucleotide, the decoding step iv) may be performed by 
sequencing an anti-tag nucleotide. Various methods for sequencing are apparent for 

15 the skilled person, including the use of cloning and exposure to a microarray. 

The tags contain recognizing groups such as e.g. nucleotide sequence(s), epitope(s) 
a.o. The tags carries information of the entity to which it is attached, such as e.g. entity 
structure, mass, spatial position (plate information) etc. The tags may be composed of 
monoclonal antibodies, peptides, proteins, oligonucleotides, DNA, RNA, LIMA, PNA, 

20 natural peptides, unnatural peptides, polymeric or oligomeric hydrazino aryl and alkyl 
carboxylic acids, polymeric or oligomeric aminoxy aryl and alkyl carboxylic acids, pep- 
toids, other natural polymers or oligomers, unnatural polymers (molecular weight > 
1000 Da) or oligomers (molecular weight < 1000 Da), small non-polymeric molecules 
(molecular weight < 1000 Da) or large non-polymeric molecules (molecular weight > 

25 1000 Da). 

In one preferred embodiment, entities consist of small non-polymeric molecules (mo- 
lecular weight < 1000 Da). Small molecules are generally the compounds of interest in 
the quest for drug oral candidates. Especially, small molecules not occurring in Nature 
30 are of interest in the drug discovery process and in one aspect of the present invention 
the method are designed to select a oral drug candidate. A variety of drug candidate 
libraries are available on the market. The drug candidates of the library usually com- 
prise a reactive group or a group which can be altered into a reactive group. In one 
preferred aspect of the present invention each of the members of the drug candidate 
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library is appended a nucleic acid tag via said reactive group of the library member and 
a reactive group on the nucleic acid. Preferably, the nucleic acid is an oligonucleotide. 

In another aspect of the invention, entities consist of large non-polymeric molecules 
5 . (molecular weight > 1000 Da). In still another embodiment, entities consist of polymeric 
molecules. 



The tags and anti-tags may be composed of RNA linked to monoclonal antibodies, pro- 
teins, LNA, PNA, natural polypeptides, unnatural polypeptides, polymeric or oligomeric 
1 0 hydrazino aryl or alkyl carboxylic acids, polymeric or oligomeric aminoxy aryl or alkyl 
carboxylic acids, other natural polymers or oligomers, unnatural polymers (molecular 
weight > 1000 Da) or oligomers (molecular weight < 1000 Da), small non-polymeric 
molecules (molecular weight < 1000 Da) or large non-polymeric molecules (molecular 
weight > 1000 Da). 

15 

Alternatively, anti-tags may be composed of DNA linked to monoclonal antibodies, pro- 
teins, LNA, PNA, natural polypeptides, unnatural polypeptides, polymeric or oligomeric 
hydrazino aryl or alkyl carboxylic acids, polymeric or oligomeric aminoxy aryl or alkyl 
carboxylic acids, other natural polymers or oligomers, unnatural polymers (molecular 
20 weight > 1000 Da) or oligomers (molecular weight < 1000 Da), small non-polymeric 
molecules (molecular weight < 1000 Da) or large non-polymeric molecules (molecular 
weight > 1000 Da). Alternatively, anti-tags are just composed of oligonucleotides, DNA 
or RNA. In a preferred embodiment, anti-tags are composed of DNA. In another pre- 
ferred embodiment anti-tags are composed of RNA. 

25 

Anti-tags which are linked to DNA or RNA are also encoded by the DNA/RNA linked to 
them, e.g. phage displayed or polysome displayed antibodies, peptides or proteins, and 
via DNA-templated synthesis of anti-tags, where the DNA encode the synthesis of the 
anti-tag, which is linked to its DNA during its synthesis. 

30 

Each chemical compound or group of compounds may be associated with a tag 
through formation of a covalent or non-covalent bond. For covalent bond formation, 
tagging may involve, but is not limited to, the formation of a cycloaddition product, an 
alkylation product, an arylation product, an acylation product, an amide bond, a car- 
35 boxylic ester bond, a sulfonamide bond, a disulfide bond, an S-alkyl bond, an NR-alkyl 
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bond, an O-alkyl bond, an aryl-vinyl bond, an alkyne-vinyl bond, an oxime bond, an 
imine bond, a bicyclic product, a trizole, a hexene, a 7-Oxa-bicyclo[2.2.1]hept-2-ene 
derivative, a 7-Aza-bicyclo[2.2.1]hept-2-ene derivative or a 7-Methyl-7-aza- 
bicyclo[2.2.1]hept-2-ene. Non-covalent bonds may involve, but are not limited to, at- 
5 tachment via e.g. hydrogen bonding, van der Waals interactions, pi-stacking or through 
hybridization. Hybridization may be between complementary strands of DNA, RNA, 
PNA or LNA or mixtures thereof. In such case both the tag and the chemical compound 
carries such a strand complementary to each other. The tagged entity, compound or 
mixture of compounds may be transformed into a new tagged entity, e.g. by transfor- 
1 0 mation of the entity or by transformation of the tag. The transformation may be caused 
by either chemical or physical transformations such e.g. addition of reagents (e.g. oxi- 
dizing or reducing agents, pH adjustment a.o.) or subjection to UV-irradiation or heat. 

The complex between tags and anti-tags may be formed on individually tagged entities 
15 immediately after tagging. Alternatively, after mixing individually tagged entities, either 
before or after the optionally use of library purification, or either before or after library 
enrichment for specific properties. 

When tags and anti-tags are composed of nucleotides the complex consists of a dou- 
ble stranded nucleotide, e.g. duplex DNA or hybrids DNA/RNA. 

20 

The purification handle (denoted a @ M ) may be connected to the anti-tag. The purifica- 
tion handle contains a recognizing group(s) such as e.g. nucleotide sequence(s), epi- 
topes, reactive groups, high affine ligands a.o. The purification handles may be com- 
posed of monoclonal antibodies, peptides, proteins, DNA, RNA, LNA, PNA, natural 

25 peptides, unnatural peptides, polymeric or oligomeric hydrazine aryl or alkyl carboxylic 
acids, polymeric or oligomeric aminoxy aryl or alkyl carboxylic acids, other natural 
polymers or oligomers, unnatural polymers (molecular weight > 1000 Da) or oligomers 
(molecular weight < 1000 Da), small non-polymeric molecules (molecular weight < 
1000 Da) or large non-polymeric molecules (molecular weight > 1000 Da). Purification 

30 handles may e.g. be a nucleotide sequence, biotin, streptavidin, avidin, u his-tags M , mer- 
capto groups or disulfide/activated disulfide groups. The purification handle may be 
part of the anti-tag, e.g. in the case the anti-tag is nucleotide based or e.g. antibodies 
where part of the antibody may serve as epitop for another antibody (e.g. immobilized 
antibody which serve as purification filter). 
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Purification filters contains components which associate, interact or react with purifica- 
tion handles whereby a complex is formed. This complex allows separation of non- 
complexed tagged entities and complexed tagged entities. The purification filter con- 
tains a recognizing group(s) such as e.g. nucleotide sequence(s), epitopes, reactive 
5 groups, high.affine ligands a.o. The purification filter may be composed.of monoclonal 
antibodies, peptides, proteins, DNA, RNA, LIMA, PNA, natural peptides, unnatural pep- 
tides, polymeric or oligomeric hydrazino aryl or alkyl carboxylic acids, polymeric or oli- 
gomeric aminoxy aryl or alkyl carboxylic acids, other natural polymers or oligomers, 
unnatural polymers (molecular weight > 1000 Da) or oligomers (molecular weight < 
10 1000 Da), small non-polymeric molecules (molecular weight < 1000 Da) or large non- 
polymeric molecules (molecular weight > 1000 Da). Purification filters may e.g. be a 
nucleotide sequence, biotin, strepdavidin, avidin, "his-tags", mercapto groups or disui- 
fide/activated disulfide groups. 

15 The library is probed and enriched for properties. Properties may be affinity, catalytic 
activity or membrane penetrating capability a.o. 

Amplification may use PGR or RTPCR techniques. Anti-tags are amplifiable in some 
aspects of the invention. Anti-tags may be separated from tags by use of physical or 
20 chemical means, such as e.g. UV-irradiation, heat, pH-adjustment, use of salt solutions 
a.o. 

Isolated tagged entities may be identified either trough their tag or anti-tag. Identifica- 
tion may be accomplished by cloning of anti-tags and sequencing their DNA/RNA or 
25 through mass analysis of either tagged entities or anti-tags or complexes of anti- 
tags/tagged entities. 

The library of tagged entities may involve 10-10 20 or 10-10 14 or 10-10 2 or 10-10 3 or 10 2 - 
10 3 or 10 2 -10 4 or 10 3 -10 6 or 10 3 -10 8 or 10 3 -10 10 or 10 3 -10 14 or 10 5 -10 6 or 10 5 -10 8 or 10 5 - 
30 1 0 10 or 1 0 5 -1 0 14 or 1 0 8 -1 0 14 or 1 0 14 -1 0 20 entities. 



Library complexes of tagged entities and anti-tags may be enriched for properties prior 
to purification by use of purification handle and purification filter or after purification. 
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The term unique, when used together with sequences of nucleotides, implies that at 
least one of the nucleobases and/or backbone entities of the sequence does not ap- 
pear together with different chemical entities. Preferably, a specific sequence is unique 
due to fact that no other chemical entities are associated with the same sequence of 
5 nucleobases. 



Once the library has been formed, one must screen the library for chemical compounds 
having predetermined desirable characteristics. Predetermined desirable characteris- 
tics can include binding to a target, catalytically changing the target, chemically react- 
10 ing with a target in a manner which alters/modifies the target or the functional activity of 
the target, and covalently attaching to the target as in a suicide inhibitor. 

The target can be any compound of interest. The target can be a protein, peptide, car- 
bohydrate, polysaccharide, glycoprotein, hormone, receptor, antigen, antibody, virus, 

15 substrate, metabolite, transition state analog, cofactor, inhibitor, drug, dye, nutrient, 
growth factor, cell, tissue, etc. without limitation. Particularly preferred targets include, 
but are not limited to, angiotensin converting enzyme, renin, cyclooxygenase, 5- 
lipoxygenase, ML- 1 0 converting enzyme, cytokine receptors, PDGF receptor, type II 
inosine monophosphate dehydrogenase, p-lactamases, and fungal cytochrome P-450. 

20 Targets can include, but are not limited to, bradykinin, neutrophil elastase, the HIV pro- 
teins, including tat, rev, gag, int, RT, nucleocapsid etc., VEGF, bFGF, TGFp, KGF, 
PDGF, thrombin, theophylline, caffeine, substance P, IgE, sPUK2, red blood cells, 
glioblastomas, fibrin clots, PBMCs, hCG, lectins, selectins, cytokines, ICP4, comple- 
ment proteins, etc. 

25 

The stringency conditions under which the library are screened are normally limited to 
such condition that maintain the hybridisation between the identifier tag and the anti- 
tag. High stringency conditions may be applied, however, followed by a renewed syn- 
thesis or attachment of the anti-tag. Screening conditions are known to one of ordinary 
30 skill in the art. 



Chemical compounds having predetermined desirable characteristics can be parti- 
tioned away from the rest of the library while still attached to a nucleic acid identifier tag 
by various methods known to one of ordinary skill in the art. In one embodiment of the 
invention the desirable products are partitioned away from the entire library without 
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chemical degradation of the attached nucleic acid such that the identifier nucleic acids 
are ampiifiable. The identifier tag may then be amplified, either still attached to the de- 
sirable chemical compound or after separation from the desirable chemical compound. 

5 . In the most preferred embodiment, the desirable chemical compound acts on the target 
without any interaction between the tag attached to the desirable chemical compound 
and the target. In one embodiment, the desirable chemical compounds bind to the tar- 
get and the bound tag-desirable chemical compound-target complex can be partitioned 
from unbound products by a number of methods. The methods include nitrocellulose 
10 filter binding, column chromatography, filtration, affinity chromatography, centrifugation, 
and other well known methods. 

Briefly, the library is subjected to the partitioning step, which may include contact be- 
tween the library and a column onto which the target is bound. All tags which have not 

15 formed hybridisation products with a chemical entity-tag aggregate or those tags asso- 
ciated with undesirable chemical entities will pass through the column. Additional un- 
desirable chemical entities (e.g., entities which cross-react with other targets) may be 
removed by counter-selection methods. Desirable complexes are bound to the column 
and can be eluted by changing the conditions of the column (e.g., salt, etc.) or the tag 

20 associated with the desirable chemical compound can be cleaved off and eluted di- 
rectly. 

Additionally, chemical compounds which react with a target can be separated from 
those products that do not react with the target. In one example, a chemical compound 
25 which covalently attaches to the target (such as a suicide inhibitor) can be washed un- 
der very stringent conditions. The resulting complex can then be treated with pro- 
teinase, DNAse or other suitable reagents to cleave a linker and liberate the nucleic 
acids which are associated with the desirable chemical compound. The liberated nu- 
cleic acids can be amplified. 

30 

In another example, the predetermined desirable characteristic of the desirable product 
is the ability of the product to transfer a chemical group (such as acyl transfer) to the 
target and thereby inactivate the target. One could have a product library where all of 
the products have a thioester chemical group. Upon contact with the target, the desir- 
35 able products will transfer the chemical group to the target concomitantly changing the 
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desirable product from a thioester to a thiol. Therefore, a partitioning method which 
would identify products that are now thiols (rather than thioesters) will enable the selec- 
tion of the desirable products and amplification of the nucleic acid associated therewith. 

5 There are other partitioning and screening processes which are compatible with this 
invention that are known to one of ordinary skill in the art. In one embodiment, the 
products can be fractionated by a number of common methods and then each fraction 
is then assayed for activity. The fractionization methods can include size, pH. hydro- 
phobicity, etc. 

10 

Inherent in the present method is the selection of chemical entities on the basis of a 
desired function; this can be extended to the selection of small molecules with a de- 
sired function and specificity. Specificity can be required during the selection process 
by first extracting identifier sequences of chemical compounds which are capable of 

15 interacting with a non-desired "target" (negative selection, or counter-selection), fol- 
lowed by positive selection with the desired target. As an example, inhibitors of fungal 
cytochrome P-450 are known to cross-react to some extent with mammalian cyto- 
chrome P-450 (resulting in serious side effects). Highly specific inhibitors of the fungal 
cytochrome could be selected from a library by first removing those products capable 

20 of interacting with the mammalian cytochrome, followed by retention of the remaining 
products which are capable of interacting with the fungal cytochrome. 

Following the selection procedure, anti-tags are recovered. The recovery may be per- 
formed by subjecting the selected complexes to stringency conditions which will detach 

25 the anti-tag sequences from the identifier tag. In the event the tag and the anti-tag are 
nucleic acids, the stringency conditions may be increased by increasing the tempera- 
ture gradually until the two strands of the double helix are melted apart. Further copies 
of anti-tag sequences may be provided by extension of the identifier sequences using a 
suitable primer and a polymerase. In the alternative, the recovered anti-tag sequence 

30 and/or the identifier sequence tag may be subjected to PCR to form a double stranded 
product. The strands comprising the sequence that complements at least a part of a 
unique identifier sequence are subsequently isolated. 

The selected chemical entity may be attached to the target during the extension or am- 
35 plification or may be detached from the target. In one aspect of the invention, it is pre- 
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ferred that the target is immobilised and the chemical compound remain attached to the 
target during the extension or amplification, to allow for easy recovery of the extension 
or amplification product by simple elution. In another aspect the selected chemical enti- 
ties are separated from the unique identifier sequences, prior to, simultaneous with or 
5 subsequent to the recovery of the enrichment sequences. 

In order to recover the desired anti-tag sequences, it may be appropriate to provide the 
native as well as the amplified, if present, anti-tag sequences with one part of a mo- 
lecular affinity pair. The one part of a molecular affinity pair is also referred to herein as 

10 a handle. The anti-tags may then be recovered by using the other part of the molecular 
affinity pair attached to a solid phase, which is possible to isolate. The essential prop- 
erty of the molecular affinity pair is that the two parts are capable of interacting in order 
to assemble the molecular affinity pair. In the biotechnological field a variety of interact- 
ing molecular parts are known which can be used as the molecular affinity pair. Exam- 

15 pies include, but are not restricted to protein-protein interactions, protein- 

polysaccharide interactions, RNA-protein interactions, DNA-DNA interactions, DNA- 
RNA interactions, RNA-RNA interactions, biotin-streptavidin interactions, enzyme- 
ligand interactions, antibody-ligand interaction, protein-ligand interaction, ect. 

20 A suitable molecular affinity pair is biotin-streptavidin. The anti-tag sequences can be 
provided with biotin, e.g. by using a primer attached to a biotin moiety in the amplifica- 
tion or extension step and contacting the biotin tagged anti-tag sequence with beads 
coated with streptavidin. 

- 25 After the recovery of the anti-tag sequences, these are contacted with the initial library 
or a fraction thereof and an enriched library is allowed to be formed by the hybridisation 
of the anti-tag sequences to the cognate sequence of the unique identifier tag. 

. The method according to the invention may be repeated one or more times. In a sec- 
30 ond round of the method, the part of the single stranded library not recognized by an 
anti-tag sequence may be cleared from the reaction media or the remaining part of the 
single stranded library may remain in admixture with the enrich library. In general, it is 
not necessary to separate the remaining part of the single stranded library from the 
media before the enriched double stranded library is subjected to a second contact with 
35 the target because conditions for the preselected function usually are more stringent 
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than the first round, wherefore the members of the single stranded library presumably 
will not bind to the target. However, to reduce the noise of the system, it may be useful 
at some events to withdraw from the media the members of the single stranded initial 
library not mated with an anti-tag sequence. If the anti-tag sequences are provided with 
5 one part of a molecular affinity pair, like biotin, the chemical compounds of interest can 
be extracted from the media by treatment with immobilized streptavidin, e.g beads 
coated with streptavidin. 

As mentioned above, the conditions for performing the second or further selection step 
10 is generally more stringent than in the first or preceding step. The increasing stringency 
conditions in sequential selection rounds provide for the formation of a sub-library of 
chemical compounds which is narrowed with respect to the number but enriched with 
respect to the desired property. 

15 In the present description with claims, the terms nucleic acid, oligonucleotide, oligo, 
and nucleotides are used frequently. The terms nucleotide, nucleotide monomer, or 
mononucleotides are used to denote a compound normally composed of two parts, 
namely a nucleobase moiety, and a backbone. The back bone may in some cases be 
subdivided into a sugar moiety and an internucleoside linker. Mononucleotides may be 

20 linked to each other to form a oligonucleotide. Usually, the mononucleotides are linked 
through an internucleoside linkage. The term nucleic acid covers mononucleotides as 
well as oligonucleotides. Usually, however, the term denotes an oligonucleotide having 
from 2 to 30 mononucleotides linked together through internucleoside linkers. 

25 Determining the coding part of the Afunctional complex 

The coding part of the identifier sequence present in the isolated Afunctional molecules 
or the separated identifier oligonucleotides is determined to identify the chemical enti- 
ties that participated in the formation of the display molecule. The synthesis method of 
the display molecule may be established if information on the functional entities as well 

30 as the point in time they have been incorporated in the display molecule can be de- 
duced from the identifier oligonucleotide, it may be sufficient to get information on the 
chemical structure of the various chemical entities that have participated in the display 
molecule to deduce the full molecule due to structural constraints during the formation. 
As an example, the use of different kinds of attachment chemistries may ensure that a 

35 chemical entity on a building block can only be transferred to a single position on a 
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scaffold. Another kind of chemical constrains may be present due to steric hindrance 
on the scaffold molecule or the functional entity to be transferred. In general however, it 
is preferred that information can be inferred from the identifier sequence that enable 
the identification of each of the chemical entities that have participated in the formation 
5 of the encoded molecule along with the point in time in the synthesis history the chemi- . 
cal entities have been incorporated in the (nascent) display molecule. 

Although conventional DNA sequencing methods are readily available and useful for 
this determination, the amount and quality of isolated bifunctional molecule may require 
10 additional manipulations prior to a sequencing reaction. 

Where the amount is low, it is preferred to increase the amount of the identifier se- 
quence by polymerase chain reaction (PCR) using PCR primers directed to primer 
binding sites present in the identifier sequence. 

15 

In addition, the quality of the isolated bifunctional molecule may be such that multiple 
species of bifunctional molecules are co-isolated by virtue of similar capacities for bind- 
ing to the target. In cases where more than one species of bifunctional molecule are 
isolated, the different isolated species must be separated prior to sequencing of the 
20 identifier oligonucleotide. 

Thus in one embodiment, the different identifier sequences of the isolated bifunctional 
complexes are cloned into separate sequencing vectors prior to determining their se- 
quence by DNA sequencing methods. This is typically accomplished by amplifying all 
25 of the different identifier sequences by PCR as described herein, and then using a 

unique restriction endonuclease sites on the amplified product to directionally clone the 
amplified fragments into sequencing vectors. The cloning and sequencing of the ampli- 
fied fragments then is a routine procedure that can be carried out by any of a number 
-of molecular biological methods known in the art. 

30 

Alternatively, the bifunctional complex or the PCR amplified identifier sequence can be 
analysed in a microarray. The array may be designed to analyse the presence of a 
single codon or multiple codons in an identifier sequence. 
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Synthesis of nucleic acids 

Oligonucleotides can be synthesized by a variety of chemistries as is well known. For 
synthesis of an oligonucleotide on a substrate in the direction of 3' to 5\ a free hydroxy 
terminus is required that can be conveniently blocked and deblocked as needed. A 
5 preferred hydroxy terminus blocking group is a dimexothytrityl ether (DMT). DMT 

blocked termini are first deblocked, such as by treatment with 3% dichloroacetic acid in 
dichloromethane (DCM) as is well known for oligonucleotide synthesis, to form a free 
hydroxy terminus. 

10 Nucleotides in precursor form for addition to a free hydroxy terminus in the direction of 
3' to 5' require a phosphoramidate moiety having an aminodiisopropyl side chain at the 
3' terminus of a nucleotide. In addition, the free hydroxy of the phosphoramidate is 
blocked with a cyanoethyl ester (OCNET), and the 5' terminus is blocked with a DMT 
ether. The addition of a 5' DMT-, 3 1 OCNET-blocked phosphoramidate nucleotide to a 

15 free hydroxyl requires tetrazole in acetonitrile followed by iodine oxidation and capping 
of unreacted hydroxyls with acetic anhydride, as is well known for oligonucleotide syn- 
thesis. The resulting product contains an added nucleotide residue with a DMT blocked 
& terminus, ready for deblocking and addition of a subsequent blocked nucleotide as 
before. 

20 

For synthesis of an oligonucleotide in the direction of 5' to 3', a free hydroxy terminus 
on the linker is required as before. However, the blocked nucleotide to be added has 
the blocking chemistries reversed on its 5' and 3' termini to facilitate addition in the op- 
posite orientation. A nucleotide with a free 3' hydroxyl and 5' DMT ether is first blocked 
25 at the 3 1 hydroxy terminus by reaction with TBS-CI in imidazole to form a TBS ester at 
the 3' terminus. Then the DMT-blocked 5' terminus is deblocked with DCA in DCM as 
before to form a free 5' hydroxy terminus. The reagent (N,N- 

diisopropylamino)(cyanoethyl) phosphonamidic chloride having an aminodiisopropyl 
group and an OCNET ester is reacted in tetrahydrofuran (THF) with the 5' deblocked 
30 nucleotide to form the aminodiisopropyl-, OCNET-blocked phosphonamidate group on 
the 5' terminus. Thereafter the 3' TBS ester is removed with tetrabutylammonium fluo- 
ride (TBAF) in DCM to form a nucleotide with the phosphonamidate-blocked 5' termi- 
nus and a free 3* hydroxy terminus. Reaction in base with DMT-CI adds a DMT ether 
blocking group to the 3' hydroxy terminus. 
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The addition of the 3' DMT- 5' OCNET-blocked phosphonamidated nucleotide to a 
linker substrate having a free hydroxy terminus then proceeds using the previous tetra- 
zole reaction, as is well known for oligonucleotide polymerization. The resulting product 
5 contains an added nucleotide residue with a DMT-blocked 3* terminus, ready for de- 
blocking with DCA in DCM and the addition of a subsequent blocked nucleotide as be- 
fore. 

Brief Description of the Figures 

1 0 Fig. 1 shows the components of the identifier and the building block 
Fig. 2 shows the principle of encoding by extension 
Fig. 3 shows the extension region of the building block 

Fig. 4 shows the components of the identifier and the building block with internal 
codons 

15 Fig. 5 shows the principle of encoding by extension with specific annealing 
Fig. 6 shows the encoding of scaffolded and polymer molecules 
Fig. 7 shows the encoding by extension using three-strand assembly principle 
Fig. 8 shows encoding by extension using three-strand assembly principle with specific 
annealing 

20 Fig. 9 shows the synthesis of three-strand identifier-displayed molecules using a solid- 
phase approach. 

Fig. 10 shows the sequential reaction/extension using platform assembly. 

Fig. 1 1 discloses a general scheme for alternating parallel synthesis of a combinatorial 

library. 

25 Fig. 12 discloses an encoding method using ligational encoding and a free reactant. 
Fig. 13 discloses a library generating method in which a reaction is followed be an 
encoding step. 

Fig. 14 discloses a library generation method using polymerase encoding. 
. .Fig. 1 5 discloses various embodiments for single encoding methods. 
30 Fig. 16 discloses a double encoding method. 

Fig. 17 discloses various double encoding methods. 
Fig. 18 discloses encoding using an loop building block. 

Fig. 19 discloses a method in which a flexible linker is used in the building block. 
Fig. 20 discloses a gel showing the result of an experiment according to example 6. 
35 Fig. 21 discloses a triple encoding method. 
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Fig. 22 shows the setup used in example 9. 

Fig. 23 shows the split-and-mix structure used in example 9. 

Fig. 24 discloses an embodiment of library enrichment, amplification and identification. 
Fig. 25 shows an embodiment in which anti-tag sequences not hybridised to a identifier 
5 sequence are made double stranded. and thus inert. 

Fig. 26 shows an embodiment in which an enrichment step is before the purification 
step. 

Fig. 27 shows a general principle of library enrichment, amplification, and identification. 
Fig. 28 shows a general principle of library enrichment, amplification, and identification 
10 omitting the intermediate amplification step between subsequent enrichment 
procedures. 

Fig. 29 shows a general principle of library enrichment, amplification, and identification 
in which the initial single stranded library is made double stranded prior to enrichment. 
Fig. 30 shows a general principle for library enrichment, in which the anti-tag is not 
15 formed until after the one and more enrichment processes. 
Fig. 31 shows two gels reported in example 13. 
Fig. 32 shows the result of the experiment reported in Example 14. 
Fig. 33 shows the result of the experiment reported in Example 14. 

20 Detailed description of the figures 

Fig. 1 discloses in panel A a hybridisation product between a nascent Afunctional 
complex and a building block. The nascent bifunctional complex, for short the Identifier, 
comprises an attachment entity connected to an oligonucleotide identifier region by a 
linker moiety. The attachment entity may be a single recipient reactive group having 
25 been adapted to receive a functional entity or may be a scaffold structure comprising 
one or more recipient reactive groups. In panel A the attachment entity is indicated as a 
scaffold having four reactive groups capable of receiving functional entities. 

The building block comprises a functional entity attached to an oligonucleotide which is 
30 sufficiently complementary to the identifier region to allow for a hybridisation product to 
be formed. The functional entity is able to be transferred to the attachment entity 
through a chemical reaction. The complementing identifier region further comprises a 
unique codon at the 3' or 5' end thereof. The unique codon identifies the functional 
entity in an unequivocal way. 



35 



« 
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Following the formation of the hybridisation product between the identifier and the 
building block, the functional entity and the unique anti-codon are transferred to the 
identifier. In an aspect of the invention, the linker connecting the functional entity and 
the complementing identifier region is cleaved simultaneously with the reaction with the 
5 attachment entity resulting in a transfer of the functional entity to the attachment entity. 
Prior to, simultaneously with or subsequent to the transfer, the transcription of the 
codon occurs. The transcription is performed by an enzyme capable of polymerisation 
or oligomerisation of oligonucleotides using a template oligonucleotide to form a 
complementary stand. Usually a polymerase, such as the Pfu polymerase is used 
10 together with suitable dNTPs, i.e. a mixture of ATP, CTP, GTP, and TTP, to form the 
unique codon as an extension of the identifier strand using the unique anti-codon of the 
building block as template. 



Fig. 1 , panel B illustrates a typical setup for a second transfer of functional entity. The 
15 identifier has been provided with a first functional entity and has been extended by a 
codon. Furthermore, the codon also comprises a binding region as an extension of the 
codon. The binding region is usually a constant region transferred to the identifier in the 
first transfer cycle by the first building block. The identifier forms a hybridisation product 
with a second building block. The second building block comprises a second functional 
20 entity connected to an oligonucleotide sufficient complementary to the identifier region 
of the identifier to allow for a hybridisation. A part of the complementing identifier region 
comprises a non-coding region and a region complementing the binding region. The 
non-coding region opposes the codon transferred in the first cycle and the 
complementing binding region is complementary to the binding region to allow for a 
25 hybridisation which is sufficiently strong for an enzyme to bind to the helix. A second 
unique anti-codon is attached to the complementary binding region and identifies the 
second functional entity. The second codon is transferred to the identifier using the 
second anti-codon as template in the same manner as described above for the first 
codon. 

30 

Fig. 2 illustrates four cycles of functional entity and codon transfer. In the first cycle, a 
hybridisation product is formed between the identifier and building block. The 
hybridisation product ensures that the functional entity and the scaffold are brought into 
close spatial proximity, thus increasing the probability that a reaction will take place. 
35 The formation of a duplex between the two oligonucleotides also provides a binding 
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region for a polymerase. In the presence of a polymerase, a mixture of dNTPs and a 
suitable puffer such as an aqueous solution containing 20 mM HEPES-KOH, 40 mM 
KCI and 8 mM MgCI 2 and a pH adjusted to 7,4, the unique anti-codon (UA^ is 
transferred to the identifier as a codon. 

5 

After the transfer of functional entity and codon, respectively, the spent building block is 
separated from the identifier by increasing the stringency. Usually, the stringency is 
increased by a increasing the temperature, changing the pH or by increasing the ionic 
strength. After the rupture of the duple helix structure, the identifier is recovered. In one 
10 aspect of the invention the identifier is immobilized to ease the separation from the 

spent building block. In another aspect the spent building block is degraded chemically 
or enzymatically. Following the recovery of the identifier a new cycle can be initiated by 
contacting the identifier with a further building block. 

1 5 The final product after four cycles of transfer is a bifunctional complex, which 

comprises a reaction product at one end and an encoding region at the other. The 
reaction product comprises constituents from the transferred functional entities and the 
initial scaffold. The encoding region comprises a genetic code for which entities that 
have been transferred in which order. Thus, the synthetic history may be decoded from 

20 the encoding region. 

Fig. 3 shows examples of the design of the coding area. Panel A, depicts a detailed 
view of an example of a design according to fig. 1 , panel B. The unique codon 
transferred in a first cycle is opposed by a partly mis-matching region. To compensate 
25 for the decrease in affinity a binding region is following the codon. The binding region is 
opposed by a matching complementary binding region of the building block. 

In Fig. 3, panel B the unique codon incorporated in a first cycle is opposed by a second 
building block having incorporated in the complementing identifier region a neutral 
30 binding region. The neutral binding region is not capable of discriminating between • 
varieties of unique codons, but is able to show some kind of affinity towards the each of 
the codons. Usually, the neutral binding region comprises one or more universal bases 
and more preferred the neutral binding region comprises a sequence of universal 
bases opposing at least a part of the codon region on the identifier. 
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Fig. 4 shows a hybridisation product between an identifier and a building block wherein 
the identifier has internal codons and the building block has corresponding anti-codons. 
The identifier region and the complementing identifier region can also contain specific 
unique codons and anti-codons, respectively. 

5 

The use of internal codons is of particular importance when several rounds of selection 
are anticipated, especially when the encoded molecule is formed from a PCR product 
of a previous round. The internal anti-codons in the building block may completely or 
partly match the identifier sequence or may comprise one or more universal bases to 

10 provide for affinity but not for specificity. The role of the internal unique codons is only 
to guide the annealing between the identifier molecule and the building block molecule. 
The correct encoding is taken care of by the unique codons which are created in the 
extension process. These unique codons are passed on to the next generation of 
molecules and used to decode the synthetic history of the displayed molecules. This 

15 system will not be totally dependent on an accurate encoding function by the internal 
unique codons in order to pass the correct genotype to the next generation of identifier 
molecules. 

In panel A the hybridisation product provides for a spatial proximity between the func- 
20 tional entity and the attachment entity, thus increasing the probability that a reaction 
occurs. The unique codon templates the codon on the identifier sequence by an enzy- 
matic extension reaction. In panel B a binding region is introduced between each 
unique coding sequence to provide for affinity of the two strands to each other even 
though one or more mis-matching bases appear in the codon: non-coding domain of a 
25- previously used codon. 

Fig. 5 shows an embodiment useful when an amplification step is involved between 
selections. Initially, a library of complexes is produced as depicted in Fig. 2. The library 
of the complexes may be subjected to a selection process. The selection process may 
30 involve presenting the display molecule on the complex to a target and subsequent 
selecting the display molecules which shows a desired interaction with the target. It 
may be advantageously to use relatively mild conditions during the selection process, 
to obtain a sub-library. The sub-library may be decoded to obtain information on the 
synthetic history for the entire sub-library. However, it is usually preferred to reduce the 
sub-library further before a decoding is performed. 
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The sub-library may be reduced by subjecting it to the target again and use more strin- 
gent conditions. However, to obtain a higher number of each of the members of the 
sub-library before a second selection, it is generally preferred to amplify the complex. 
Thus, a primer which is loaded with a scaffold is initially annealed to a primer site at 
one end of the encoding region. Subsequently a transcript is formed. A reverse primer 
is preferably present to obtain a duple stranded PCR product having a scaffold at- 
tached thereto. 



This PCR is the basis for the generation of en amplification of the sub-library. The iden- 
tifier sequence is segregated into a number of internal unique codons, abbreviated IUC 
in the drawing. The number of the lUCs corresponds to the number of functional enti- 
ties participating in the formation of the display molecule. The sequence of the lUCs 
expresses the identity of the individual functional entities and the order of the lUCs in- 
dicates the order of reaction of the functional entities. Preferably, a primer region is 
presented adjacent to the sequence of lUCs to allow for a later amplification of the nu- 
cleic acid sequence. 



The sub-library is contacted with a plurality of building blocks comprising a transferable 
20 functional entity and an internal unique anti-codon (IUA) complementary to at least one 
of the lUCs. The complementing identifier region is provided with sufficient complemen- 
tarity to provide for a hybridisation with the oligonucleotide identifier region. In a pre- 
ferred embodiment the lUCs not identifying a functional entity to be transferred is op- 
posed in the complementary identifier region with a neutral binding region. As men- 
25 tioned above the neutral binding region may comprise universal bases, i.e. bases that 
have the ability to be paired with two or more of the naturally occurring nucleobases. 
Adjacent to the region comprising specific base-pairing sequences and non-specific 
base-pairing sequences, i.e. the complementary identifier region is a unique anticodon 
(UA). The UA comprises the same information as the IUA of the complementing identi- 
30 fier region, typically the UA and the IUA has the same sequence on nucleotides. 

The transfer step and the reaction step are conducted in several cycles as described 
above to form a bifunctional complex. In Fig. 5 four cycles are performed, however, it 
will be appreciated that less than cycles, such as 3 or 2 cycles can be performed to 
35 produce a reaction product comprising constituent from 3 or 2 functional entities re- 
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spectively. Also more, than four cycles may be performed, such as 5 to 20 to form a 
more diverse library of display molecules. The complexes resulting form the cycles are 
a reaction product between the functional entities and the scaffold, and an oligonucleo- 
tide. The oligonucleotide can be divided into a guiding region, that is, the region that 
5 guided the annealing of the individual building blocks, and an encoding region, which 
comprises the unique codons which have been transferred from the building blocks to 
the identifier. 

Using the above encoding method, allows for the amplification of more and more fo- 
10 cused sub-libraries to obtain a sufficient amount of material to allow decoding. 

The encoding method shown in Fig. 6 can create both monomer and polymer encoded 
molecules. Panel A: Complex reaction products can be created using an attachment 
entity which has reacted with multiple functional entities. Panel B: Polymers can be 
15 created using one attachment entity with one reactive group allowing attachment with a 
functional entity having at least two reactive groups. 

Fig. 7 illustrates a three strand assembly procedure for the encoding by extension prin- 
ciple. A: The identifier and building block can be assembled on an assembly platform. 

20 This assembly platform contains a unique anticodon region and a unique anticodon 
where these two elements are directly linked through their sequences. There may be a 
connecting region linking the unique anticodon region together with the complementing 
identifier region. B: Describes all the components of the identifier, building block and 
the assembly platform used in the consecutive reaction, where the identifier also con- 

25 tain a unique codon and a binding region and the assembly platform also contains a 
non-coding region and a complementing binding region. 

In Fig. 8 it is shown that internal codons can also be used for the three-strand assem- 
bly principle. This will be useful when selection will be performed in multiple rounds 
30 with intermediate amplification steps. 

Fig. 9 shows a solid-phase three-strand displayed-molecule synthesis. The assembly 
platform molecule is attached to a solid support to allow sequential attachment of build- 
ing blocks to the attachment entity. Different libraries of assembly platform molecules, 
35 which is extended with suitable non-coding regions and complementing binding re- 
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gions, can be used in each step in separate vials. This will allow the use of identical 
building block and identifier molecules in each step. 

Fig. 10 shows the sequential transfer/extension using the assembly platform principle. 
5 Each well contains a library of platform molecules. The platform molecule is extended 
with one unique anticodon in the subsequent wells. A library of identifier and building 
block molecule is added to the first well which allows specific annealing and transfer of 
functional entities. The reaction mixture is the transferred to the next wells which finally 
generates the identifier-displayed library. 

10 

Fig. 1 1 discloses a general scheme for alternating parallel synthesis of combinatorial 
libraries. In a first step a nascent Afunctional molecule is provided. The nascent 
bifunctional molecule comprises as one part of the molecule a reactive group, which 
may appear on a chemical scaffold, and some times referred to herein as a chemical 

15 reactive site. Another part of the bifunctional molecule comprises a priming site for 
addition of a tag. The priming site may be a 3'-OH group or a 5'-phosphate group of a 
nucleotide in case the tag is a nucleotide. The chemical reactive site and the priming 
site may optionally be spaced by a linking group. In the event that the linking group is 
resent it may be a nucleotide or a sequence of nucleotides. The spacing entity may 

20 further comprise a hydrophilic linker, such as a polyethylene or polypropylene, to 

distance the chemical reactive site from the nucleotide. Also comprised in the linking 
moiety may be a selective cleavable linker that allows the experimenter to separate the 
display molecule from the coding part. 

25 The nascent bifunctional molecule is divided into a plurality of compartments, usually 
wells of a microtiter plate or similar equipment that allow easy handling of multiple 
spatially separated containers. Each of the compartments is reacted with a specific 
small molecule fragment, also referred to herein as a reactant. Thus, in a first 
compartment, the nascent bifunctional molecule is reacted with a first small molecule 

30 fragment (F0, in a second compartment; the nascent bifunctional molecule is reacted 
with a second small molecule fragment (F 2 ), etc. The number of compartments may in 
principle be indefinite, however, for practical reasons; the number is usually between 5 
and 5000, such as 10 and 500. In each of the compartments the small molecule 
fragments may be identical or different as the case may be. In each compartment, one, 

35 two, or more reactants may participate in the reaction. After the reaction between the 
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drug fragment and the nascent bifunctional molecule has occurred in each 
compartment, a tag is added, said tag identifying the small molecule fragment. In 
certain aspects of the invention, the tag is a nucleic acid. Thus, in the first 
compartment, a first nucleic acid tag (Ti) is added to the priming site of the reaction 
5 product, in the second compartment, a second nucleic acid tag (T 2 ) is added to the 
priming site of the second reaction product, etc. Various methods for enzymatic 
encoding are contemplated and discussed herein. Following the enzymatic addition of 
the tags in each of the compartments, the contents of the compartments are collected. 

10 In a second round the mixture of bifunctional molecules is split into compartments 

again. The number of compartments of the second round need not be the same as the 
number of compartments in the first round. In each compartment the products of the 
previous round serves as the nascent bifunctional molecule. Thus, a reactive group 
appearing on the reaction product between the scaffold and the small molecule 

1 5 fragment of the first round is reacted with one or more small molecule fragments of the 
second round. Thus, in a first compartment, the mixed reaction products of the first 
round are reacted with a first small molecule fragment (F^, in a second compartment, 
the mixed reaction products of the first round are reacted with a second small molecule 
fragment (F 2 ), etc. The small molecule fragments F^ F 2 , ... F* of the second round may 

20 be identical or different from the small molecule fragments used in the first round. 

After the reactions have been allowed to occur, a tag specifying the small molecule 
fragment is added. The tag added in the first round usually comprises a priming site 
that can be used for addition of the tag in the second round so as to produce a linear 

25 identifier comprising the tags. In the first compartment, the reacted product is added a 
first tag which identifies the reactant of the second round that has reacted with the 
reactive reaction site of the nascent bifunctional molecule; in a second compartment, 
the product reacted with the second small molecule fragment of the second round is 
added the tag identifying said reactant, etc. Following the addition of the tags in each 

30 compartment, the content of the compartments are mixed in a common pool. The split- 
reaction-combining cycle can be repeated an appropriate number of times to obtain a 
library of bifunctional molecules comprising a display molecule part and a coding part. 
The library may be used in a selection process disclosed elsewhere herein. 
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Above, the general principle for splrt-and-mix is disclosed, in which the reaction of the 
small molecule fragment and the chemical reaction site occurs prior to the encoding 
step. Obviously, the events can occur in the reverse order or simultaneously. 

5 Fig. 12 schematically shows a 96 well microtiter plate to the left. In each well or in a 
selected number of wells, the process to the right occurs. Initially, a Afunctional 
molecule is provided. The bifunctional molecule comprise a chemical reaction site 
(oval) attached to a codon (rectangle) through a linker (line). To the left of the codon a 
binding region is provided. Next, a codon oligonucleotide and a splint oligonucleotide 

!0 are added. The codon oligonucleotide is provided with a codon and flanking binding 
regions. The splint is designed with sequences complementing the binding region of 
the nascent bifunctional molecule and a binding region of the codon oligonucleotide 
such that the ends abut each other under hybridisation conditions. The nascent 
bifunctional complex, the splint and the codon oligonucleotide forms a hybridisation 

5 product under appropriate conditions. A ligase is added to couple the codon oligo 
to the nascent bifunctional complex. In a second step, a drug fragment, i.e. a reactant, 
is added and conditions providing for a reaction with the chemical reaction site is 
instituted. 



20 Then the content of each well is combined and, optionally, divided into a range of wells 
again for a second round of reaction and encoding. In final step, the combined contents 
of the wells are used in a selection or partition step, as disclosed herein. 

Fig. 13 outlines an embodiment with the encoding and reaction step reversed 
25 compared to the embodiment shown in Fig. 12. In a variety of wells a nascent 
bifunctional complex having a reactive group (Rx) attached to an oligonucleotide 
(horizontal line) is dispensed. In a first step, the reactive group in each compartment is 
reacted with a reactant, in a second step a codon oligonucleotide and a splint is added 
together with a ligase to ligate covalently the codon oligonucleotide to the reacted 
30 nascent bifunctional complex, and in a third step the ligation product is recovered. The 
content of the wells may subsequently be combined and used as a library of 
bifunctional complexes or recycled for another round of reaction and addition of tag. 

Fig. 14 discloses the use of the library produced in accordance Fig. 13, or any other 
35 library having a coding part and display molecule part, in a further round. Initially, the 
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combined contents of the wells from the embodiment of Fig. 13 are dispensed in 
separate wells. Then an anti-codon oligonucleotide having a binding region which is 
complementary to the binding region of the nascent bifunctional molecule is added 
under hybridisation conditions, i.e. conditions which favour the assembly of the 
5 hybridisation product between the nascent bifunctional complex and the anti-codon 
oligonucleotide. Subsequently, or simultaneously with the addition of the anti-codon 
oligonucleotide, a polymerase, a collection of dNTP (usually, dATP, dGTP, dCTP, and 
dTTP), and appropriate salts and buffer are added to provide for an extension to occur. 
The extension (dotted arrow) transcribe the anti-codon to the identifier, thus attaching a 
10 tag that encodes the identity of the reactant subsequently reacted at the chemical 
reaction site. The anti-codon oligonucleotide is connected to a biotin (B) to allow for 
removal of the oligonucleotide. 

Fig. 15 discloses a scheme of various encoding methods combined with a collection of 

15 reactants. All the combinations are in according the invention. 

Free reactant/polymerase encoding: A nascent bifunctional complex comprises a 
scaffold (=chemical reaction site) comprising a reactive group and an oligonucleotide 
part comprising a codon identifying the scaffold. The codon is associated with an 
oligonucleotide binding region capable of forming a hybridisation product with a 

20 complementing binding region of an anti-codon oligonucleotide. The hybridisation 
product is subjected to an extension reaction, in which the scaffold oligonucleotide is 
extended over the anti-codon, thereby providing the scaffold oligonucleotide with a 
codon. Subsequent, simultaneously with or prior to the extension reaction, a free 
reactant coded for by the anti-codon is reacted with the scaffold. 

25 Zipper Buiiding Block/Polymerase: A nascent bifunctional complex comprises a 

scaffold (=chemical reaction site) comprising a reactive group and an oligonucleotide 
part comprising a codon identifying the scaffold. The codon is associated with two 
oligonucleotide binding region capable of forming a hybridisation product with a 
complementing binding region of an anti-codon oligonucleotide and a complementing 

30 binding region of tPte reactant. The hybridisation product is subjected to an extension 
reaction, in which the scaffold oligonucleotide is extended over the anti-codon, thereby 
providing the scaffold oligonucleotide with a codon. Subsequent, simultaneously with or 
prior to the extension reaction, a functional entity coded for by the anti-codon is reacted 
with the scaffold. The selection of polymerase may determine the order of reaction and 

35 encoding as some polymerase, such as Sequenase, displaces the binding region 
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attached to the functional entity, while other polymerases, like Taq polymerase, do not 
perform the displacement of the binding region. When a zipper building block is used a 
close proximity between the scaffold and the functional entity is obtained thereby 
promoting a reaction to take place. 
5 E2 Building Block/Polymerase encoding: A nascent Afunctional complex com prises a 
chemical scaffold and an oligonucleotide part comprising the codon identifying the 
scaffold. The oligonucleotide part comprises two binding region on each sides of the 
codon. An E2 building block anneals to the scaffold oligonucleotide such that the 
functional entity comes in close proximity as to the scaffold and a double helix is 

10 formed just before the anti-codon, thus enable a polymerase to recognize the double 
helix as a binding area. Applying appropriate conditions and substrates enable the 
extension of the identifier oligonucleotide over the anti-codon, thus transcribing the 
genetic information of the function entity to the identifier. Opposing the scaffold codon 
is a stretch of universal binding nucleotides, such as inosine. Use of an E2 building 

1 5 block allows for one-pot synthesis of a library. 

Loop Building block/Potymerase encoding: A nascent bifunctional complex comprises a 
chemical scaffold and an oligonucleotide part comprising the codon identifying the 
scaffold. The oligonucleotide part comprises two binding region on each sides of the 
codon. A loop building block anneals to the scaffold oligonucleotide such that the 

20 functional entity comes in close proximity as to the scaffold and a double helix is 

formed just before the anti-codon, thus enable a polymerase to recognize the double 
helix as a binding area. Applying appropriate conditions and substrates enable the 
extension of the identifier oligonucleotide over the anti-codon, thus transcribing the 
genetic information of the function entity to the identifier. As no sequence on the 

25 building block complements the scaffold codon sequence, this codon sequence loops 
out. Use of a loop building block allows for one-pot synthesis of a library. 
N Building Block/Polymerase encoding: A nascent bifunctional complex comprises a 
chemical scaffold attached to a scaffold codon through a linker. On one or each side of 
the codon a binding region is present. An N building block comprises a binding region 

30 which is complementary to the scaffold binding region and £n anti-codon. A functional 
entity is attached to the codon or a binding region. Under hybridisation conditions the 
complementary binding regions hybridise and a polymerase extends in both directions, 
thereby transferring the genetic information of the anti-codon to the oligonucleotide 
covalently connected to the scaffold. Before, after or simultaneously with the extension 

35 reaction, the reaction between the functional entity and the scaffold may take place. 



r 
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Usually, the functional entity is attached to the anti-codon oligonucleotide via a 
cleavable linker so as to allow for transfer of the functional entity to the scaffold 
structure. 

Free reactant/Ligase: A scaffold entity is attached to an oligonucleotide comprising a 
5 codon. The scaffold oligonucleotide further comprises a priming site to which, a codon 
oligonucleotide is ligated. The ligation is performed by a ligase. The ligation can take 
place in a single stranded or double stranded form. In the single stranded form, a 3' OH 
(or 5-phosphate) of the scaffold oligonucleotide is ligated to a 5-phosphate (or 3-OH) 
of the codon oligonucleotide. In the double stranded form, an oligonucleotide 

10 complementing the ends of the scaffold and codon oligonucleotides, respectively, is 
used and designed so that the ends abuts each other. Optionally, the ligation occurs 
between two double stranded oligonucleotides, i.e. a double stranded scaffold 
oligonucleotide with an over hang ("sticky end") is ligatedio a double stranded codon 
oligonucleotide provided with a complementing overhang. The type of ligation depends 

15 on the selected enzyme. Usually, the double stranded ligation is preferred because the 
reaction is faster due to the guiding effect of the oligonucleotide complementing the 
ends. The complementing oligonucleotide is also referred to herein as the splint 
oligonucleotide. Following, preceding, or simultaneously with the ligation of the codon 
oligonucleotide to the scaffold oligonucleotide a reaction between the free reactant and 

20 the scaffold takes place. 

Zipper Building Block/Ligase: A scaffold entity is attached to an oligonucleotide 
comprising a codon and binding region between the scaffold and the codon. The 
scaffold oligonucleotide further comprises a priming site to which a codon 
oligonucleotide is ligated. The ligation is performed by a ligase. The ligation can take 

25 place in a single stranded or double stranded form. In the single stranded form, a 3* OH 
(or 5-phosphate) of the scaffold oligonucleotide is ligated to a 5'-phosphate (or 3'-OH) 
of the codon oligonucleotide. In the double stranded form, an oligonucleotide 
complementing the ends of the scaffold and codon oligonucleotides, respectively, is 
used and designed so that the ends abuts each other. Optionally, the ligation occurs 

30 between two double stranded oligonucleotides, i.e. a double stranded scaffold 

oligonucleotide with an over hang ("sticky end") is ligated to a double stranded codon 
oligonucleotide provided with a complementing overhang. The type of ligation depends 
on the selected enzyme. Usually, the double stranded ligation is preferred because the 
reaction is faster due to the guiding effect of the oligonucleotide complementing the 

35 ends. The complementing oligonucleotide is also referred to herein as the splint 
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oligonucleotide. A zipper building block is a functional entity attached to a binding 
oligonucleotide. The binding oligonucleotide is complementing the binding region of the 
scaffold oligonucleotide, thus forming a hybridisation product under hybridisation 
conditions. Following, preceding, or simultaneously with the ligation of the codon 
5 oligonucleotide to the scaffold oligonucleotide a reaction between the functional entity 
and the scaffold takes place. The use of the binding region on the reactant ensures a 
close proximity between the functional entity and the scaffold. 
E2 Building B/ock/Ligational encoding: Initially is provided a nascent Afunctional 
complex comprising a scaffold attached to an oligonucleotide, said oligonucleotide 

10 comprising a codon and a binding region between the scaffold codon and the scaffold 
codon. The scaffold oligonucleotide also comprises a priming site to which a codon 
oligonucleotide can be ligated. The scaffold oligonucleotide is hybridised to an E2 
building block which carries a double stranded part. The oligonucleotide 
complementing the anticodon as ligated to the scaffold oligonucleotide using the E2 

15 building block as a template. Before, after or simultaneously with the ligation a reaction 
takes place between the functional entity and the scaffold. 

Loop Building block/Ligational encoding: A Afunctional complex is provided comprising 
a scaffold attached to an oligonucleotide, wherein the scaffold oligonucleotide 
comprises a codon flanked by two binding regions. A loop building block is provided 

20 which has binding regions complementing the binding regions of the scaffold 

oligonucleotide. Upon hybridisation, the codon part of the scaffold oligonucleotide loops 
out. The loop building block also comprises a double stranded codon part. The 
oligonucleotide complementing the anti-codon part of the loop building block is ligated 
to the free binding region of the scaffold oligonucleotide. Before, after or simultaneously 

25 with the ligation a reaction takes place between the functional entity and the scaffold. 
N building block/Ligational encoding: A nascent bifunctional complex is initially 
provided in which a scaffold via a suitable linker is attached the codon identifying said 
scaffold or attached to a binding region connect to the codon. A building block having a 
functional entity connected to a codon is the ligated to the scaffold oligonucleotide to 

30 connect the scaffold oligonucleotide with functional entity oligonucleotide. The ligation 
may be performed in a single stranded or in a double stranded state, depending on the 
particular enzyme selected for the ligation. Subsequently, the functional entity is 
reacted with the scaffold. In the alternative, the functional entity and the scaffold are 
reacted prior to ligation of the respective oligonucleotides. 
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When a round, i.e. a reaction with and a tagging of the nascent bifunctional complex, 
has been completed in accordance with any of the above encoding methods, a new 
round maybe in initialized according to any of the above reaction/encoding methods. 
Thus, the encoding and reaction in a first round may be the same or different in a 
5 subsequent second or further round. A single bifunctional complex or a library of 

complexes may be generated. When a library is contemplated, one-pot-synthesis can 
be conducted with the building blocks in which a covalent link between the functional 
entity and the codon/anti-codon is used, i.e. the columns of E2 building block, loop 
building block, and N building block. Split and mix synthesis can be performed, when 
10 no covalent link between the functional entity/reactant and the codon/anti-codon is 
present, i.e. in the columns indicating the free reactant and the zipper building block. 



Fig. 16 shows a double encoding method, i.e. a method for encoding two or more 
reactants in one go. In certain embodiments, the multiple encoding methods allow for 

15 multi reaction between reactants and scaffold. Initially, a scaffold connected to an 
oligonucleotide comprising a hybridisation region, a scaffold codon and a binding 
region is annealed to an E2 building block. Subsequently, an extension is performed in 
which the anti-codon of the building block is transferred to the identifier. Several 
polymerases form an overhang of one or more single stranded nucleotides. This 

20 overhang is used in the present invention to attach an anti-codon oligo and allow the 
polymerase to further extent the identifier oligonucleotide over the anti-codon region of 
the anti-codon oligonucleotide. The transfer of the information of the anti-codon 
oligonucleotide allows for encoding a third free reactant C. The annealing between the 
oligonucleotide carrying A and the oligonucleotide carrying B provide for a close 

25 proximity between A and B and thus a high local concentration. Thus, when the free 
reactant C is added a reaction between the three components is favoured. One 
advantage of double encoding is that it is possible to exchange solvent, such that the 
reaction not necessarily must take place in the same solvent as the extension occurs. 

30 To the right is illustrated an example, in which the above method is applied on 100 
different scaffold oligonucleotides and 100 building blocks. The hybridisation product 
between the scaffold oligonucleotides and the building block oligonucleotides is divided 
into 100 different wells. In each of the wells the extension, addition of anti-codon 
oligonucleotide and reaction with specific free reactant is allowed. In total 10 6 different 

35 bifunctional molecules are generated. 
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Fig. 17 discloses various methods for performing double encoding. In all the examples, 
the encoding is shown to occur prior to reaction, but it will be within the ambit of the 
skilled person to perform the reaction first and then the encoding. When a library is 
contemplated, it is possible to conduct the reaction in a single container (one-pot 
synthesis) using the N building blocks in combination with any of the encoding 
methods. For the remaining reactants it is necessary to conduct one or more split-and- 
mix step. In the combination of the zipper building block, E2 building block, and the 
loop building block with any of the encoding methods a single split-and-mix step is 
necessary, whereas two split-and-mix steps are necessary for the free reactant in 
combination with any encoding method. The scheme makes it possible for the skilled 
person to select a reaction/encoding method which is useful for a specific reaction. If 
triple-, quadro-, or multi encoding is contemplated, it is possible to perform such 
encoding using an embodiment of the double encoding scheme in combination with an 
embodiment of the single encoding scheme of Fig. 15 one or more times to arrive at an 
encoding/reaction method that suits the need for a specific chemical reaction. 



Fig. 21 discloses a triple encoding method. Initially, a scaffold attached to a scaffold 
oligonucleotide is provided. The scaffold is attached to a binding region the scaffold 
oligonucleotide, and the scaffold oligonucleotide is further provided with a codon. The 
two building blocks of the E2 type is annealed to the scaffold oligonucleotide, thereby 
bringing the functional entities BB1 and BB2 into close proximity with the scaffold. 
Simultaneously, prior or subsequent to the addition the building blocks a codon 
oligonucleotide coding for a third reactant (BB3) is provided which comprises a part 
complementing a nucleotide sequence of the first building block. The components of 
the system are allowed to hybridise to each other and a polymerase and a ligase is 
provided. The polymerase performs an extension where possible and the ligase 
couples the extended oligonucleotides together so as to form a double stranded 
product. Following the encoding process, the third reactant is added and conditions an 
provided which promote a reaction between the scaffold and the reactants. Finally, a 
selection is used to select reaction products that perform a certain function towards a 
target. The identifying oligonucleotides of the selected bifunctional complexes are 
amplified by PCR and identified. 
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To the right a particular embodiment for carrying out the present invention is indicated. 
Accordingly, each codon is 5 nucleotides in length and the binding regions flanking the 
scaffold are 20 nucleotides each. The building blocks designed to hybridise to the 
binding regions of the scaffold comprises a 20 nucleotide complementing sequence as 
5 well as a 5 nucleotide codon. 



An embodiment of the enrichment method of the present invention is shown on Fig. 24. 
Initially, each chemical entity (denoted by letters A, B, C, ..) in a library is attached to a 
unique identifier tag (denoted a, b, c, ..). The identifier tag comprises information about 

10 that particular compound or group of compounds with respect to e.g. structure, mass, 
composition, spatial position, etc. In a second step, tagged chemical compounds are 
combined with a set of anti-tag sequences (denoted a\ b\ c\ ..). Each anti-tag se- 
quence carries a handle, like biotin, for purification purposes. The anti-tag sequences 
comprise a segment which is complementary to a sequence of the identifier sequence. 

1 5 The combination of anti-tag sequences and identifier sequences are allowed to form 
hybridisation products. Optionally, there may be tagged chemical entities present which 
have not been recognized by an anti-tag. In a third step, the sequences carrying a 
handle are removed, i.e. the tagged chemical compounds are left in the media while 
the matter comprising a handle is transferred to a second media. In the event, the han- 

20 die is biotin it may be transferred to a second media using immobilized streptavidin. 



The purified matter may comprise anti-tag sequences not hybridised to a cognate se- 
quence. As these anti-tag sequences are not coupled to a chemical compound to be 
selected for, the enrichment sequences may remain in the media. However, in some 
25 - applications it may be preferably to make the excess anti-tag sequences double 

stranded, as illustrated in Fig. 25, because the double helix normally is inert relative to 
the selection procedure. The excess anti-tag sequences may be transformed into the 
double helix state by the use of a primer together with a suitable polymerase and 
nucleotide triphosphates. 

30 

The purified fraction is in step 4 is subjected to a selection process. The selection com- 
prises probing for a set of properties, e.g. but not limited to affinity for a specific protein. 
In such a case, entities which do not bind to the specific protein will be eliminated. Anti- 
tags complexed to entities binding to the specific protein may be recovered/be isolated 
35 through e.g. the use of its purification handle. 
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In step 5 isolated anti-tags are optionally amplified through the use of PCR or RTPCR. 

In step 6, the Initial library of tagged entities produced in step 1, may undergo further 
5 rounds of complexation and screening, i.e. the anti-tags from step 5 may be added the 
library of tagged entities of step 1 and then be submitted to step 3, step 4 and step 5. 
Step 6 may be repeated. 

In step 7, the isolated anti-tags of step 5 may be cloned and their identity be revealed. 
10 E.g. in the case of DNA, sequencing may be applied whereby the identity of specific 
entities with selected properties in the library of tagged entities will be revealed. 

The embodiment shown in Fig. 26 resembles that of Fig. 24 except that the non- 
complexed components are rendered inert, e.g. if the tags and/or anti-tags are com- 
1 5 posed of single stranded DNA or RNA, they may be transformed into double stranded 
DNA, RNA or a hybrid thereof. This may be accomplished by use of a primer, nucleo- 
tide triphosphates and a polymerase or transcriptase. Furthermore, the sequence of 
purification (by use of the purification handle on anti-tags) and probing for properties is 
changed compared to the method of Fig. 24. 

20 

In Fig 27, step 1, a number of entities (denoted by letters A,B,C...), being it mixtures or 
single compounds are attached to a unique tag more specifically a DNA or RNA se- 
quence or a derivative thereof, holding information on that compound or mixture, such 
as e.g. structure, mass, composition, spatial information etc. 

25 

In step 2, all tags of tagged entities are made double stranded by use of a primer (op- 
tionally carrying a ©-handle such as e.g. biotin), nucleotide triphosphates and a poly- 
merase or transcriptase. Remaining single stranded DNA or RNA may optionally be 
digested by use of nucleases. 

30 

The mixture, is probed for a set of properties in step 3, e.g. but not limited to affinity for 
a specific protein. In such a case, entities which do not bind to the specific protein will 
be eliminated. Anti-tags complexed to entities binding to the specific protein may be 
recovered/be isolated through e.g. the use of its ©-handle. 
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Isolated anti-tags may optionally be amplified in step 4 through the use of PCR or 
RTPCR. 

In step 5, the library of tagged entities of step 1, may undergo complexation to the iso- 
5 lated and optionally amplified anti-tags of step 3 and 4. 

Single stranded components are being digested in step 6 by use of e.g. nucleases. The 
remaining double stranded subset of the library is optionally subjected to a renewed 
enrichment of the library according to step 3-6. Steps 3-6 may be repeated as sufficient 
10 number of times to obtain an appropriate chemical entity having the desired property. 

In step 7, the isolated anti-tags of step 4 can be cloned and their identity be revealed, 
e.g. in the case of DNA, sequencing may be applied, whereby the identity of specific 
entities in the library of tagged entities is revealed. 

15 

Fig. 28 relates to a method involving a digestion of single stranded oligonucleotides. In 
a first step a number of entities (denoted by letters A,B,C...), being it mixtures or single 
compounds, are attached to a unique tag, holding information on that compound or 
mixture, such as e.g. structure, mass, composition, spatial information etc. 

20 

In step 2, mixtures of tagged entities are combined with a set of complementary anti- 
tags. Anti-tags may be, but is not limited to nucleotide derivatives. Anti-tags may op- 
tionally carry a ©-handle. The tag and the anti-tags are allowed to form a complex. The 
complexation may be, but is not limited to hybridization. Some anti-tags will not form a 
25 complex with a tagged entity and some tagged entities will not form a complex with an 
anti-tag. 

Non-complexed components is digested in step 3 using e.g. nucleases when the tags 
and/or anti-tags are composed of DNA or RNA or hybrids thereof. 

30 

The mixture of step 3, is probed for a set of properties in step 4, e.g. but not limited to 
affinity for a specific protein. In such a case, entities which do not bind to the specific 
protein will be eliminated. Anti-tags complexed to entities binding to the specific protein 
may be recovered/be isolated through e.g. the use of its @handle. Step 4 may be re- 
35 peated one or more times. 
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Isolated anti-tags may optionally be amplified through the use of PCR or RTPCR as 
illustrated in step 5. Anti-tags may then also be used as described in Figures 24-27. 

5 . The isolated anti-tags may be cloned and their identity be revealed in step 6, e.g. in the 
case of DNA, sequencing may be applied, whereby the identity of specific entities in 
the library of tagged entities will be revealed. 

According to Fig. 29, step 1 , a number of entities (denoted by letters A,B,C...), being it 
10 mixtures or single compounds, are attached to a unique tag more specifically a DNA or 
RNA sequence or a derivative thereof, holding information on that compound or mix- 
ture, such as e.g. structure, mass, composition, spatial information etc. 

All tags of tagged entities are made double stranded in step 2 by use of a primer (op- 
15 tionally carrying a ©-handle such as e.g. biotin), nucleotide triphosphates and a poly- 
merase or transcriptase. Remaining single stranded DNA or RNA may optionally be 
digested by use of e.g. nucleases. 

In step 3, the mixture is probed for a set of properties, e.g. but not limited to affinity for 
20 a specific protein. In such a case, entities which do not bind to the specific protein will 
be eliminated. Anti-tags complexed to tags having appended entities binding to the 
specific protein may be recovered/be isolated through e.g. the use of its @-handle. 
Step 3 may be repeated one or more times. 

25 According to step 4, isolated anti-tags may optionally be amplified through the use of 
PCR or RTPCR. Anti-tags may then also be used as described in Figs. 24-27. 

The isolated anti-tags may be cloned in step 5 and their identity be revealed, e.g. in the 
case of DNA, sequencing may be applied. Whereby, the identity of specific entities in 
30 the library of tagged entities will be revealed. 

Fig. 30, step 1 , produces a number of entities (denoted by letters A,B,C...) t being it 
mixtures or single compounds which are attached to a unique tag more specifically a 
DNA or RNA sequence or a derivative thereof, holding information on that compound 
35 or mixture, such as e.g. structure, mass, composition, spatial information etc. 
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In step 2, the mixture is probed for a set of properties, e.g. but not limited to affinity for 
a specific protein. In such a case, entities which do not bind to the specific protein will 
be eliminated. Step 2 may be repeated. 

5 

All tags of tagged entities are made double stranded in step 3 by use of a primer (op- 
tionally carrying a ©-handle such as e.g. biotin), nucleotide triphosphates and a poly- 
merase or transcriptase. Remaining single stranded DNA or RNA may optionally be 
digested by use of e.g. nucleases. 

10 

Anti-tags complexed to tags of entities binding to the specific protein may be recov- 
ered/be isolated in step 4 through e.g. the use of its ©-handle. Anti-tags may optionally 
be amplified through the use of PCR or RTPCR. Anti-tags may then also be used as 
described in Figs. 24-27. 

15 

The isolated anti-tags may be cloned in step 5 and their identity be revealed, e.g. in the 
case of DNA, sequencing may be applied, whereby, the identity of specific entities in 
the library of tagged entities is revealed. 

20 

EXAMPLES 

Example 1 : Loading of a scaffold onto identifier molecules 

An amino-modifier C6 5'-labeled identifier oligo ( 5'-X-TCGTAACGACTGAATGACGT- 
25 3\ wherein X may be obtained from Glen research, cat. # 10-1039-90) was loaded with 
a peptide scaffold (Cys-Phe-Phe-Lys-Lys-Lys, CFFKKK) using SPDP activation (see 
below). The SPDP-activation of amino-oligo was performed using 160 pi of 10 nmol 
oligo in 100 mM Hepes-KOH, pH=7.5, and 40 pi 20 mM SPDP and incubation for 2 h at 
30°C. The activated amino-oligo was extracted 3 times with 500 \i\ EtOAc, dried for 10 
30 min in a speed-vac and purified using micro bio-spin column equilibrated with 100 mM 
Hepes-KOH. The loading of scaffold was then performed by adding 10 \i\ of 100 mM 
attachment entity and incubating overnight at 30°C. 

The loaded identifier oligo was precipitated with 2 M NH 4 OAc and 2 volume 96% etha- 
35 nol for 15 min at 80°C and then centrifuged for 15 min at 4°C and 15.000g. The pellet 
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10 



15 



was re-suspended in water and the precipitation was repeated. Wash of the oligo-pellet 
was done by adding 100 pi of 70% ethanol and then briefly centrifuged. The oligo was 
re-dissolved in 50 pi H 2 0 and analysed by MS. The MS analysis was performed after 
100 pmol oligo in 10 pi water was treated with 10 jil of ion exchanger resin and incu- 
bated minimum 2 h at 25 °C on a shaker. After incubation the resin was removed by 
centrifugation and 15 pi of the supernatant was mixed with 7 pi of water, 2 pi of 
piperidine and imidazole (each 625 mM) and 24 jjJ acetonitrile. The sample was ana- 
lysed using a mass spectroscopy instrument (Bruker Daltonics, Esquire 3000plus). The 
observed mass, as can be seen below, was 7244.93 Da, which correspond well with 
the calculated mass, 7244.00 Da. This experimental data exemplify the possibility to 
load scaffolds onto identifier oligonucleotides. This loaded identifier molecule can be 
used to receive functional entities from building blocks. This particular scaffold har- 
bours three identical reactive groups, i.e. the amine group of the lycin side chain, and 
can therefore be transferred with one, two, or three functional entities, which is capable 
of reacting with the amine groups. 




TCGTAACGACTGAATGACGT 



5' Amino-modified C6 



O 





TCGTAACGACTGAATGACGT 



+SPDP 




TCGTAACGACTGAATGACGT 



+ scaffold 



entity 



H 2 N^ | H 2NH 2 
KKKFFC 
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AII,1.2-5.7min<#5-#22) 




Component Deconvoluted Molecule 
Mass 



Absolute Relative 
Abundance Abundance 



7244.93 



CM - HJ- 



296744 



99.25 



Example 2: Loading of functional entities onto building blocks 

Loading of functional entities onto building block molecules can be done using a thiol- 
oligo (see below). An Biotin 5* labeled and thio-modifier C6 S-S (obtainable from Glen 
1 0 Research, cat # 1 0-1 936-90) 3-labeled building block oligo ( 5- 

BTGCAGACGTCATTCAGTCGTTACGA-3') was converted to an NHS-oligo using 
NHM. 

10 nmol oligo was dried in speed-vac, re-dissolved in 50 \s\ 100 mM DTT, 100 mM so- 
dium-phosphate pH 8.0 and incubated at 37 °C for 1 hour. The thiol-oligo was then 
15 purified using micro bio-spin column equilibrated with 100 mM Hepes-KOH, pH 7.5. 

The thiol-oligo was converted to NHS-oligo by adding 100 mM NHM in 100 mM Hepes- 
KOH pH. 7.5. The sample was incubated at 25 °C over night. The NHS-oligo was then 
purified using bio-spin column equilibrated with MS-grade H 2 0. 



20 
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+ 3Thlo modifier C6 S-S 

V s ^"~ — ^^\AGCATTGCTGACTTACTGCAGACGTB 
| DTT 

AGCATTGCTGACTTACTGCAGACGTB 



NHM HO-N' Sj 



o 

Ho-N^f S ^ v AGCATTGCTGACTTACTGCAGACGTB 
$ Calculated MS: 8372.1 



The MS analysis was performed after 100 pmol oligo in 10 pi water was treated with 10 
Mi of ion exchanger resin and incubated minimum 2 h at 25 °C on a shaker. After incu- 
5 bation the resin was removed by centrifugation and 15 pi of the supernatant was mixed 
with 7 pi of water, 2 pi of piperidine and imidazole (each 625 mM) and 24 fil acetoni- 
trile. The sample was analysed using a mass spectroscopy instrument (Bruker Dalton- 
ics, Esquire 3000plus). The observed mass as can be seen below was 8369.32, which 
correspond well with the calculated mass, 8372.1. The experimental data exemplify the 
1 0 possibility to convert the attachment entity on building block oligonucleotides. This 
product can later be used to attach transferable functional entities. 



All. S.0-12.9m!n (#16-#47) 
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Absolute Relative 
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96.87 



15 



WO 2004/039825 PCT/DK2003/000739 

110 

The NHS-oligo was then used to load functional entities. EDC activation of the func- 
tional entity (4-pentynoic acid) was performed mixing 50 jj! of 200 mM functional entity 
in DMF with 50 pi of 200 mM EDC in DMF and incubated for 30 min at 25 °C on a 
shaker. The loading was then performed using 1 nmol NHS-oligo lyophilized in a 
5 speed-vac and 10 jil of the activated building block, (see below). This was incubated at 
25 °C for 5 min and then mixed with 30 pi 100 mM MES pH. 6.0. The loaded NHS-oligo 
was purified using bio-spin column equilibrated with 100 mM MES pH 6.0. The loaded 
building block oligo is then used immediately for the transfer reaction without any MS 
analysis. This is due to the unstable structure of the functional entity during the condi- 
10 tions used for the MS measurements. 




This experiment exemplifies a complete loading of a functional entity onto a building 
15 block molecule ready for transfer to an recipient reactive group when annealed to the 
complementary identifier molecule. 

Another example of a functional entity that can be loaded as described above onto a 
building block is a 5-hexynoic acid as shown below. Again, no MS analysis was per- 
20 formed on this compound due to the unstable structure of the functional entity in the 
conditions used in the MS measurements. 



WO 2004/039825 PCT/DK2003/000739 




Example 3: Transfer of functional entities from the building block to the identifier mole- 
5 cule 

The attachment entitiy (AE) in the following experiments are either a scaffold, e.g. the 
peptide, CFFKKK, loaded on an identifier as prepared in Example 1 or a recipient reac- 
tive group exemplified by an amino modified oligonucleotide used as starting material 
in Example 1 . These attachment entities allow transfer of three or one functional enti- 

10 ties, respectively. 

The identifier used in this experiment is an identifier oligonucleotide loaded with 
CFFKKK as described in Example 1. The functional entity (FE) in this experiment is the 
4-Pentynoic acid, the loading of which was described in Example 2. The identifier 
molecule loaded with the scaffold is annealed to the loaded building block molecule to 

15 bring the attachment entity and the functional entity in close proximity. The annealing is 
directed by the identifier region in the identifier molecule and the complementary se- 
quence in the building block molecule. 



20 



AE-TCGTAACGACTGAATGACGT 
FE-AGCATTGCTGACTTACTGCAGACGTB 
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4 

AE-TCGTAACGACTGAATGACGT 
FE-AGCATTGCTGACTTACTGCAGACGTB 

5 After the annealing step between the identifier and building block molecules, the trans- 
fer reaction takes place where the functional entity is transferred to the identifier mole- 
cule. 

The annealing was performed using 600 pmol of the building block and 400 pmol iden- 
10 tifier molecules in 0.1 M MES buffer at 25"C in a shaker for 2 hours. The reactive part 
(functional entity) of the building block was transferred to the one of the amino group on 
the attachment entity on the identifier molecule during the annealing (see below). After 
annealing the sample was purified by micro-spin gel filtration and analyzed by MS. The 
sample was prepared for MS analysis using equal amount of sample (about 100 pmol) 
15 and ion exchanger resin and incubated minimum 2 h at 25° in a shaker. After incuba- 
tion the resin was centrifuged down and 15 pi of the supernatant was added 7 pi of 
water, 2 pi of piperidine and imidazole (each 625 mM) and 24 ul acetonitrile. The sam- 
ple was analysed on a Mass Spectroscopy instrument (Bruker Daltonics, Esquire 
3000plus). The observed mass (see below) was 7323.45 Da, which correspond well 
20 with the calculated mass, 7324.00 Da. Thus, the MS spectrum of the identifier molecule 
after the transfer reaction shows a mass corresponding to the transferred functional 
entity on the identifier molecule. 



H2N NH 2 
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Scaffold ^^^^ fl" 




^SwffcM S- H 




TCGTAACGACTGAATGACGT 
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lnk.2h25°C 
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Mass 



Absolute Relative 
Abundance Abundance 
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Another example of transfer of functional entity is shown below using the amino oligo 
directly as the AE on the identifier molecule. The functional entity on the building block 
molecule used in this experiment was 4-pentynoic acid, as disclosed in example 2. 



The annealing was performed using 500 pmol of the building block and the identifier 
molecules in 0.1 M MES buffer and incubating the mixture at 25°C in a shaker for 2 

10 hours. The reactive part (functional entity) of the building block was transfer to the 

amino group on the identifier molecule during the annealing (see below). After anneal- 
ing and transfer the sample was purified by micro-spin gel filtration and analyzed by 
MS. The sample was prepared for MS analysis using equal amount of sample (about 
100 pmol) and ion exchanger resin and incubated minimum 2 h at 25° in a shaker. Af- 

1 5 ter incubation the resin was removed by centrifugation and 1 5 pi of the supernatant 

was added 7 pi of water, 2 pi of piperidine and imidazole (each 625 mM) and 24 ul ace- 
tonitrile. 
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The sample was analysed on a Mass Spectroscopy instalment (Bruker Daltonics, Es- 
quire 3000plus). The observed mass was 6398.04 Da, which correspond well with the 
5 calculated mass, 6400.00 Da. Thus, the MS spectra of the identifier molecule after 
transfer of the functional entity show a mass corresponding to the transferred functional 
entity on the identifier molecule. This example shows that functional entities can be 
transferred using this setup of a building block molecule and an identifier molecule. 
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Another example of transfer of functional entity is shown below using the amino dligo 
directly as the identifier molecule. The functional entity used in this experiment was 5- 
Hexynoic acid, prepared as shown in example 2. 
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The annealing was performed using 500 pmol of the building block and 500 pmol of the 
identifier molecules in 0.1 M MES buffer incubated at 25*C in a shaker for 2 hours. The 
reactive part (functional entity) of the building block was transferred to the amino group 
on the identifier molecule (see below). After annealing and transfer the sample was 
purified by micro-spin ge! filtration and analyzed by MS. The sample was prepared for 
MS analysis using equal amount of sample (about 100 pmol) and ion exchanger resin 
and incubated minimum 2 h at 25 °C in a shaker. After incubation the resin was re- 
moved by centrifugion and 15 pi of the supernatant was added 7 pi of water, 2 pi of 
piperidine and imidazole (each 625 mM) and 24 ul acetonitrile. 

H 2 W- 

MS 6320 

^ ^ TCGTAACGACTGAATGACGT 

o 

lnk.2h25*C 



MS Calc. Scaffold ♦ 94 (6414) 

TCGTAACGACTGAATGACGT 
AGCATTGCTGACTTACTGCAGACGTB 



10 




The sample was analysed on a Mass Spectroscopy instrument (Bruker Daltonics, Es- 
quire 3000plus). The observed mass was 6411.96 Da, which correspond well with the 
15 calculated mass, 6414 Da. Thus, the MS spectra of the identifier molecule after transfer 
of the functional entity show a mass corresponding to the transferred functional entity 
onto the identifier molecule. This example shows that functional entities can be trans- 
ferred using this setup of a building block molecule and an identifier molecule. 
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Example 4: Extension of the identifier molecule to transfer unique codons 
After the transfer of the functional entity (FE) to the attachment entity (AE) on the iden- 
tifier molecule, the identifier molecule is extended in order to transfer the unique codon, 
that identifies the transferred functional entity, to the identifier molecule. This is accom- 
plished by adding a suitable polymerase and a polymerase buffer containing the wild 
type nucleotides (dATP, dTTP, dCTP, dGTP). This will extend the identifier molecule in 
the 3 -end towards the end of the 5'-end of the building block molecule. 
The extension of the identifier molecule to transfer the unique anticodon(s) is preferably 
performed after the transfer of the FE as shown below. 



FE - AE - TCGT AACGACT GAATGACGT 

-AGCAT T GCTGACT T ACT GCAGACGT B 

15 

I 

FE-AE-TCGTAACGACTGAATGACGTCTGCT 
-AGCATTGCTGACTTACTGCAGACGTB 



20 The extension was performed using 15 units Taq polymerase in a buffer containing 0.4 
mM of each nucleotide in an extension buffer (20 mM HEPES-KOH, 40 mM KCI, 8 mM 
MgCl 2 , pH=7,4). After the extension reaction the sample was analyzed using MS. The 
MS analysis was performed using about 100 pmol purified extension mixture in a half 
volume of ion exchanger resin and incubated minimum 2 h at 25 °C in a shaker. After 

25 incubation the resin was removed by centrifugation and 15 yl of the supernatant was 
mixed with 7 pi of water, 2 pi of piperidine and imidazole (each 625 mM) and 24 pi ace- 
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tonitrile. The sample was analysed on a Mass Spectroscopy instrument (Bruker Dalton- 
ics, Esquire 3000plus). 

The MS data for extension on the identifier molecule with a transferred 4-Pentynoic 
acid is shown below. 
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The observed mass was 7922.53 Da, which correspond well with the calculated mass, 
1 0 7924.00 Da. The MS spectra of the identifier molecule after the transfer reaction of the 
functional entity and extension reaction of the encoding region (the unique codon) 
showed a mass corresponding to the transferred functional entity and the extension on 
the identifier molecule. This example shows that functional entities can be transferred 
using this setup with a longer building block molecule than the identifier molecule and 
15 that the identifier molecule can be extended using a polymerase after the transfer 

process. This shows the possibility to transfer both the functional entity and the unique 
codon from the same building block to an identifier molecule. 

Another example showing transfer and extension is for the building block with the func- 
20 tional entity 5-Hexynoic acid. The MS data for extension on the identifier molecule with 
a transferred 5-Hexynoic acid is shown below. 
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The observed mass was 7936.99 Da, which correspond well with the calculated mass, 
7938.00 Da. The MS spectra of the identifier molecule after transfer reaction of the 
functional entity and extension reaction of the encoding region (the unique codon) 
showed a mass corresponding to the transferred functional entity and the extension on 
the identifier molecule. This example also shows that functional entities can be trans- 
ferred using this setup with a longer building block molecule than the identifier molecule 
and the identifier molecule can be extended using a polymerase after the transfer 
process. This exemplifies the possibility to transfer both the functional entity and the 
unique codon from one building block molecule to one identifier molecule. 



Example 5: Library design 

15 The identifier molecule can be designed to operate optimal under various conditions. 
However, it should contain a few elements that are vital for the function. The identifier 
molecule should comprise of a sequence that can anneal to the building block and an 
attachment entity that can accommodate various functional entities. Below is an exam- 
ple on how an identifier molecule can be designed in the extension region. The region 

20 that becomes extended during each step of transfer and encoding can be designed 
using various approaches. Importantly, there must be a base-pair match between the 
building block and the identifier to allow efficient extension using a polymerase. This 
can be accomplished using either a region that is constant, the binding region as de- 
scribed in Figure 3 (A), or a region that allow binding to any given sequence, also 

25 shown in Figure 3 (B). A combination of these to approaches can also be used. 

The first step in the extension process needs no special binding region due to the 
match of the identifier and the building block molecules (step 1 shown below). How- 
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ever, the subsequently steps needs a binding region sufficient complementary to the 
identifier molecule to allow for hybridisation because the enzyme, preferably a poly- 
merase must be able to bind to the douplex and perform an extension. The example 
below shows four steps in the encoding procedure. This process of extension can be 
5 continued to obtain the suitable number of transfer of building blocks. The binding re- 
gion in this example contains 6 nucleotides, but this can be varied dependent on the 
design of the building blocks. 

A possibility to accommodate the possible mismatches in the previous anticodon is to 
10 use universal nucleobases, i.e. a nucleobases with the ability to base pair with more 
than one of the natural nucleobases. A possible base is inosine which can form base 
pairs with cytidine, thymidine, and adenosine (although the inosine:adenosine pairing 
presumably does not fit quite correctly in double stranded DNA, so there may be an 
energetic penalty to pay when the helix bulges out at this purine:purine pairing). In 
15 principle, any design that allows extension of the unique codons is possible to use. 
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The extension was performed using 60 pmol of primer and template in an extension 
buffer (20 mM HEPES-KOH, 40 mM KCI, 8 mM MgCI 2l pH=7,4) and 10mM DTT. For 
extension in this experiment, 20 U AMV-RT (Promega M510B) was used. 
The MS analysis was performed using about 100 pmol extension reactions in half 
> volume of ion exchanger resin and incubated minimum 2 h at 25°C on a shaker. 
After incubation the resin was removed by centrifugation and 15 pi of the super- 
natant was mixed with 7 pi of water, 2 pi of piperidine and imidazole (each 625 mM) 
and 24 pi acetonitrile. The sample was analysed using a Mass Spectroscopy in- 
strument (Bruker Daltonics, Esquire 3000p!us). 

I 

Extension of the primer/template combination in step 3 as show in the example 
above is shown in data MS graph below. The analysis shows both the mass of the 
template, 15452.14 Da (expected 15453.86 Da) and the extended primer, 15328.92 
(expected 15331.90 Da). No mass for the non-extended (or partially extended) 
primer was identified indicating a complete extension of the primer. This experiment 
exemplifies the possibility to transfer the codon to an identifier molecule even when 
the anticodon is preceded by another anticodon. 
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in a separate experiment, extension of the primer/template combination in step 7 as 
described above was examined. The MS data is shown in the graph below. The 
data shows the mass for the extended primer, 28058.14 Da (expected 28052.30 
Da). Again, no mass for the non-extended (or partially extended) primer was identi- 
fied indicating a complete extension of the primer. This experiment exemplifies the 
possibility to transfer the codon to an identifier molecule even when the anticodon is 
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preceded by multiple anticodons. Thus, a complete process of making the encoding 
region containing the unique codons is feasible for a library. 
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10 

In conclusion, these experiments show that the polymerase can extend the unique 
anticodon sequence when using an adjacent unique codon with a helix comprising 
inosines. This will allow the transfer of the unique anticodons to the identifier mole- 
cule in each step of transfer of the functional entities. This experiment shows the 
15 possibility to use a binding region after the anticodon region preceding the anticodon 
that is to be extended in the encoding process. The same approach can be used in 
the consecutive steps to allow the encoding of a molecule with multiple functional 
entities attached to the attachment entity. 

20 After the library has been generated and the first selection round has been per- 
formed, the selected identifier molecules can be used as a source for the next round 
of libraries. The selected identifier molecules can be used in subsequently rounds of 
selection using for example PCR amplification and restriction enzyme digestion as 
shown below. 



25 
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PCR product of a new identifier molecule: 

GCA CAC AGCTAC ACT GAT GTTAGC ACG TTG GAGACA TGA AAC ATTCGA 
!pAA"TTg CCG TTA TGC GTA ATG GC 

5 Cut with EcoRI to obtain the new identifier molecule: 

GCA CAC AGCTAC ACT GAT GTTAGC ACG TTG GAGACA TGA AAC ATTCGA C 

This new identifier molecule will contain unique codons that encodes for selected 
displayed molecules in the previous round of selection. This identifier molecule will 
10 guide the assembly of the next library to obtain a library that has preferred functional 
entities. However, the correct encoding will still be determined by the extension 
process. 



15 Example 6. Flexible linker and loop-out structure in the encoding by extension 
procedure. 

The encoding process can be designed to allow the formation of a loop-out region in 
the identifier molecule. The encoding process can also be performed using a flexible 
20 linker between the complementary identifier region and the complementary binding 
region. 

The loop-out strategy is shown in Fig. 18 where the identifier region anneals to the 
complementary identifier region and the binding region anneals to the complemen- 

25 tary binding region. This will form a stretch of single-stranded nucleotides that is not 
directly participating in the annealing process. This annealing will allow for the trans- 
fer by extension of the anticodon region and preferably another binding region that 
can be used in the next round of extension. The binding region should be long 
enough to ensure correct annealing and productive extension. The extension will be 

30 incomplete if the binding region is to short. It is within the capabilities of the skilled 
person by simple trial and error experiments to determine the length of the binding 
region. Usually 5 to 7 nucleotides are sufficient for the binding region. 

Another example is to use a flexible linker between the complementary identifier 
35 region and the complementary binding region. This is shown in Fig. 19. The identi- 
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tier region will ensure efficient annealing of the building block to the identifier. The 
flexible linker will then make sure that the complementary binding region anneals to 
the binding region to allow extension. The linker can be any type of chemical struc- 
ture that allow space between the complementary binding region and the comple- 
5 . mentary binding region, for example, polyethylene glycol (PEG), polyamines, 

polynucleotides (e.g. DNA.RNA, LNA) and polycarbohydrates. The linker length can 
be varied but a simultaneous annealing of the identifier region and the binding re- 
gion must be possible. 



10 The setup using a flexible linker was tested using different PEG linkers and different 
length of the complementary binding region. The PEG linkers (space phosphoramid- 
ite 9 and 18) used in this example was obtained from Glen Research (cataloque # 
10-1909 and 10-1918, respectively). 

1 5 The sequence of the extended identifier molecule was shown below. There is a 21 
nucleotide long annealing between the identifier region and the complementary 
identifier region. Then there is a 42 nucleotide region that represents the extended 
codons in the previous round of encoding. The complementary binding region that 
promotes the extension was a 9 nucleotide region, a 5 and 14 nucleotide region was 

20 also tested for extension. Finally there is a 14 nucleotide region that allows exten- 
sion. 



P priii fir 



prime site extension 



ACCTCAGCTG-TCTTATCGACCG GCAGTAGCG CGCCT CGTACGACC TCTTC CCCTACTCC CC&GC CCGCATCGC 

TGGAGTCGACACATACCTCGC X- GGCGTAGCG CATAG CGCAATCGC 

* Flexible linker ♦ 

Complementary Complementary 
identifier r egon binding «&on 



25 The building block oligo with a flexible linker was 5'-labeled with 32 P using T4 

polynucleotide kinase using standard protocol (Promega, cat#4103). This identifier 
molecule was annealed with the building block in the extension buffer (20 mM 
Hepes, 40 mM KCI, 8 mM MgCi 2 , pH 7.4, 10 mM DTT) by heating to 80 °C for 2 min. 
and then slowly cooled to about 20 °C. The extension was performed using about 20 

30 units Sequenase (USB) at 30 °C for 1 hour. The oligonucleotide complexes were 
then purified using micro-spin gel filtration (BioRad). Formamide dye was added to 
the samples before loading on a 10 % Urea polyacrylamide gel. The gel was devel- 
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oped using autoradiography (Kodak, BioMax film). The result of this experiment is 
shown on Fig. 20. 

The gel shows: Lane 1, a mix of the three S'-labeled ( 32 P) building block oligos with 
5 5, 9 or 14 nucleotides in the binding region; lane 2, extension using a building, block 
oligo with a 9 space linker and a 18 nucleotide binding region; lane 3, extension us- 
ing a building block oligo with a 9 space linker and a 9 nucleotide binding region; 
lane 4, extension using a building block oligo with no linker and a 9 nucleotide bind- 
ing region; lane 5, extension using a building block oligo with a 9 space linker and a 
10 14 nucleotide binding region; lane 6, Extension using a building block oligo with a 18 
space linker and a 14 nucleotide binding region; lane 7, extension using a building 
block oligo with no linker and a 14 nucleotide binding region; lane 8, extension using 
a building block oligo with no linker and a 5 nucleotide binding region. 

15 The result shows that an efficient extension can be accomplished using a flexible 
linker together with a binding region. The result also shows that extension is possi- 
ble without the flexible linker and only a small (5 nucleotides) binding region. The 
last result is an example of the loop-out setup described in the beginning of this ex- 
ample where the loop-out region is the 42 nucleotides described in the sequence 

20 above. 



Example 7: Selection of an inteqrin aVB3 l igand from a 484-member small molecule 
library encoded bv chemetics™. 

25 

Overview of the procedure 
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Identifier oligos 
^LoadofDF 




Annealing/transfer/extension ^«?wobilizatlon 



DF. 



-B 



SA 



Transfer/ Chemetics™ Library 
extension - df.- df ; ofs> 
► 



5 DF : Drug fragment / functional entity 
B : Biotin 
SA: Streptavidih 

The method for producing a library of Afunctional complexes, in which each member 
10 of the library comprises a synthetic molecule and an identifier that may be decoded 
to establish the synthetic history of the synthetic molecule comprises several steps, 
exemplified below. In a first step (General procedure 1), four different identifier oli- 
gonucleotides are loaded with a scaffold molecule or drug fragment. In this example 
the loading is conducted using an amino group on the identifier oligo as the attach- 
15 ment point for the drug fragment/ scaffold molecule. The identifiers may be regarded 
as the nascent Afunctional complexes. 



To prepare the building block oligos, identical carrier oligos are initially loaded with 
eleven different drug fragments using general procedure 2. The eleven loaded car- 
20 rier oligos are then ligated to anti-codon oligos of the first and the second round us- 
ing general procedure 3, thereby obtaining 1 1 building blocks for the first round and 
eleven building blocks for the second round. 
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The library formation is described in detail in general procedure 4 and includes the 
mixing of the four different identifier oligos with the eleven different building blocks of 
the fist round. To bias the library one of the identifiers and one of the first round 
building blocks were added in an amount 100 below the amount of the other com- 
5 ponejits. At conditions providing for annealing between the identifiers and the build- 
ing blocks, a cross-link between the scaffold molecules of the identifier oligo and the 
drug fragments were effected. The identifier oligos were then extended using a po- 
lymerase and using the anti-codon of the building block as the identifier. After the 
extension, the drug fragment is released from the building block by cleavage of a 
10 linkage between the drug fragment and the oligo. The spent building block oligo is 
removed by streptavidin beads. 

The second round includes the addition of building blocks to the nascent identifier- 
synthetic molecule complex obtained in the first round. To bias the library, one of the 
15 eleven second round building blocks was added in an amount 100 times below the 
amount used for the 10 other building blocks. The second round follows the same 
scheme as depicted above for the first round. The library formed is of 4*11*11 = 
484 members. One of the members, which is a known ligand for the target, appears 
only in a concentration of the library of one out of 3 * 10 8 bifunctional complexes. 

20 

The library is then subjected to a selection process, as disclosed in general proce- 
dure 5. The selection involves addition of the library to wells coated with immobilized 
target. After incubation of the library with the target, non-binding members of the 
library is removed by washing and a linkage between the synthetic molecule and the 
25 indentifier is cleaved. The cleaved off identifiers were collected and amplified by 
PCR. The amplified identifiers were decoded using general procedure 6. 

General procedure 1: Loading of identifier oligos 

10 pL triethanolamine (TEA) (0.1 M in DMF) was mixed with 10 pL Building Block 
30 (BB) with Pent-4-enal as an amine protection group (0.1 M in DMSO). From this 
mixture 6.7 pL was taken and mixed with 3.3 pL EDC [1-Ethyl-3-(3- 
Dimethylaminopropyl) carbodiimide Hydrochloride ] (0.1 M in DMF) and incubated 
30 minutes at 25°C. 10 pL of the Building block-EDC-TEA mixture was added to 10 
pL of amino oligo in 0.1 M HEPES buffer ((4-(2-Hydroxyethyl)-1- 
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piperazineethanesulfonic acid, SIGMA), pH 7.5 and incubated with the oligo for 30 
minutes. 



During this half hour, another 6.7 pL of BB-TEA mix was mixed with3.3 pL EDC (0.1 
5 M in DMF) and incubate for 30 minutes at 25°C. 10 pL of this second BB-EDC-TEA 
mixture was then added to the amino oligo mixture together with 10 pL of 0.1 M 
HEPES buffer to maintain a 1:1 ratio of DMSO/DMF: H 2 0. Then the mixture was 
incubated for 30 minutes. 



10 During this half hour, another 6.7 pL of BB-TEA mix was mixed with3.3 pL EDC (0.1 
M in DMF) and incubate for 30 minutes at 25°C. 10 pL of this third BB-EDC-TEA 
mixture was then added to the amino oligo mixture together with 10 pL of 0.1 M 
HEPES buffer to maintain a 1 :1 ratio of DMSO/DMF: H 2 0. Then the mixture was 
incubated for 30 minutes. 

15 

The loaded oligo was then purified by gel filtration with columns (Biospin P-6, Bio- 
Rad) equilibrated with water. The pent-4-enal amine protection group was then re- 
moved by addition of 0.25 volumes 25 mM l 2 in 1:1 watentetrahydrofuran (THF) and 
incubation at 37°C for 2 hours. The mixture was then purified by gel filtration with 
20 spin columns (Biospin P-6, BioRad) equilibrated with water. Loaded identifier oligos 
were analyzed by ES-MS. 



Example 7.1.1 

25 Identifier oligo 1 .1 : 5'- NSPACCTCAGCTGTGTATCGAGCGGCAGC GTTATC G- 
TCG-3' | 



N : 5-Amino-Modifier 5 (Glen research cat# 10-1905-90) 
S : Spacer C3 CPG (Glen research cat# 20-2913-01) 
30 P : PC Spacer Phosphoramidite (Glen research cat# 10-4913-90) 



Sequence identifying the 
loaded fragment 
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O 




Loaded identifier oligo 1.1 analyzed by ES-MS: 
5 Expected Mass : 1 1709 Da 
Observed Mass : 1 1 708 Da 

Example 7.1.2 

Identifier oligo 1.2: 5'- NSPACCTCAGCTGTGTATCGAGCGGCAG CAGTGC CG- 
10 TCG-3' 

N : 5'-Amino-Modifier 5 (Glen research cat# 10-1905-90) 

S : Spacer C3 CPG (Glen research cat# 20-2913-01) 

P : PC Spacer Phosphoramidite (Glen research cat# 10-4913-90) 

15 

O 




Loaded identifier oligo 1.2 analyzed by ES-MS: 
Expected Mass : 1 1647 Da 
20 Observed Mass : 11641 Da 

Example 7.1.3 
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Identifier oligo 1.3: 5*- NSPACCTCAGCTGTGTATCGAGCGGCAGCGCACACG- 
TCG-3' 

N : 5-Amino-Modifier 5 (Glen research cat# 10-1905-90) 
5 S : Spacer C3 CPG (Glen research cat# 20-291 3-01 ) 

P : PC Spacer Phosphoramidite (Glen research cat# 10-4913-90) 



10 




NH 2 



EDC/TEA 




Loaded identifier oligo 1.2 analyzed by ES-MS: 
Expected Mass : 11761 Da 
Observed Mass : 11759 Da 
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Example 7.1.4 
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Identifier oligo 1.4: 5'- NSPACCTCAGCTGTGTATCGAGCGGCAGC GGATA CG- 
TCG-3' 

5 

N : 5-Amino-Modifier 5 (Glen research cat# 10-1905-90) 

S : Spacer C3 CPG (Glen research cat# 20-2913-01) 

P : PC Spacer Phosphoramidite (Glen research cat# 10-4913-90) 

1 0 Loaded identifier oligo: 




Expected Mass : 1 1 775 Da 
Observed Mass : 1 1 775 Da 

15 

General procedure 2: Loading of carrier oligo 

10-15 nmol of carrier oligo 2 was lyophilized and redissolved in 27.5 pi H z O. To this 
was added 7.5 pi 1 M HEPES pH 7.5, 10 pi of 2-amino-pent-4-enal protected (allyl- 
glycine) building block (0.1 M in dimethyl sulfoxide), and 5 pi DMT-MM [4-(4,6- 

20 dimethoxy-1 ^^thiazin^-yO^-methylmorphofinium chloride] (0.5 M in water). The 
mixture was incubated 4-16 hours at 25-30°C. The oligo was purified by gel filtration 
(Biospin P-6, BioRad). To convert the methyl ester moiety of the building block to a 
carboxylic acid, 5 pi 0.4 M NaOH was added and the mixture was incubated 20 min 
at 80°C. The mixture was then neutralized by adding 10 pi 0.5 M HEPES pH 7.5 and 

25 5 pi 0.4 M HCL The loaded building block oligo was purified by gel filtration (Biospin 
P-6, BioRad) and analyzed by ES-MS 

Carrier oligo 2: 3-2GGAGTCGACACATAGCTCGCP-5' 

30 2: Carboxy dT (Glen research cat# 10-1035-90) 
p: 5' phosphate 
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Example 7-2.1 



Allyl glycine building block 



OyOH O °y/ 
DMT-MM 

1 



OH" 



Carrier oiigo 2 




O NH 



Loaded carrier oligo 2.1 



Loaded carrier oligo 2.1 analyzed by ES-MS: 
10 Expected Mass : 6856 Da 
Observed Mass : 6857 Da 



Example 7.2.2 



Allyl glycine building block 




Loaded carrier oligo 2.2 



Loaded carrier oligo 2.2 analyzed by ES-MS: 
Expected Mass : 6944 Da 
Observed Mass : 6945 Da 
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Example 7.2.3 



Ally) glycine building block 



0<^OH 



DMT-MM 



Carrier oligo 2 




Loaded carrier oligo 2.3 analyzed by ES-MS: 
10 Expected Mass : 6798 Da 
Observed Mass : 6800 Da 



15 



Example 7.2.4 



Allyl glycine building block 



MeOOC^A NH ^ 

V^NH 2 



1 



DMT-MM 



Carrier oligo 2 



OH* 



0=< ^-COOMe 
HN-< 



20 Loaded carrier oligo 2.4 analyzed by ES-MS: 
Expected Mass : 6917 Da 
Observed Mass : 6919 Da 



0={ /-COOH 
HN-< 



Loaded carrier oligo 2.4 
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Table I 



Carrier oligo 
Example 


Structure of loaded 
Carrier oligo 


Expected 
Mass 


Observed 
Mass 


7.2.5 


f HO ~\ 

HN HN-< /r-\ 

F 


6924 


6923 


7.2.6 


0 

NH HN'»( jp—x 


6940 


6939 


7.2.7 


VoH 

— (>Ko 

HN-/ X = / 


6920 


6919 


7.2.8 


NH HN-< /j- ^ 


6940 


6939 


7.2.9 


< 

NH HN— ( O 


6830 


6829 


7.2.10 


<° 

NH O O 


6871 


6871 
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7.2.11 




6920 



6919 



< 



HN- 



General procedure 3: ligation of anti-codon oligo with loaded carrier oligo 

500 pmol loaded carrier oligo was mixed with 750 pmol anti-codon oligo and 750 
pmol splint oligo. The mixture was lyophilized and redissolved in 15 pi water. Oligos 
were annealed by heating and slowly cooling to 20°C. 15 pi TaKaRa ligase mixture 
(Takara Bio Inc) was added and the reaction was incubated at 20°C for 1 hour. The 
mixture was purified by gel filtration (Biospin P-6, BioRad) and the efficiency of the 
ligation was checked by running an aliquot on a Novex TBE-UREA gel (Invitrogen). 

Examples of building block oligos for first round of encoding 
Example 7.3.1.1 



15 




2GGAGTCGACACATAGCTCGCp CGTCGI I I I I G- 



CAGCCAATAGTCGT-X 



Splint oligo: TCGAGCG — GCAGCCA 



20 





Ligase 



2GGAGTCGACACATAGCTCGCCGTCGI 1 1 1 1 G- 



CAGCCAATAGTCGT-X 
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2: Carboxy dT (Glen research cat# 10-1035-90) 
P: 5' phosphate 
X: 5' biotin 

5 Efficiency of ligation : > 95 % 

Example 7.3.1.2 



15 




10 3 ' -2GGAGTCGACACATAGCTCGCCGTCGI 1 1 1 IGCAGC CGTGT GTCGT-X 

Efficiency of ligation : > 95 % 



Example 7.3.1.3 



OH 
O 



3 ' -2GGAGTCGACACATAGCTCGCCGTCGI III I GCAGC TC ACG GTCGT -X 

Efficiency of ligation : > 95 % 
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Table il 



Building 

DIOCK 

oligo 

exam- 
ple 


Structure of loaded 
Drug fragment 


Building block oligo sequence 

2: Carboxy dT (Glen research cat# 10- 

1035-90) 

X: 5' biotin 


Ligation 

effi- 
ciency 


7.3.1.4 


w> 


3 ' - 

2GGAGTCG AC AC AT AGCTCGCCGTCGI I I I IGCAGCCCT 
ATGTCGT-X 


> 95 % 


7.3.1.5 


F 


3'- 

2 GGAGTCGACACAT AGCTCGCCGTCGI I IIIGCAGCGCG 
ACGTCGT-X 


> 95 % 


7.3.1.6 


O 


3'- 

2GGAGTCGACACATAGCTCGCCGTCGII 1 1 IGCAGCGAC 
CAGTCGT-X 


> 95 % 


7.3.1.7 


Y—OH 


3'- 

2GGAGTCGACAC AT AGCTCGCCGTCGI 1 1 1 1 GCAGCACA 
AGGTCGT-X 


> 95 % 


7.3.1.8 


— < "J 


3' - 

2GGAGTCGACACATAGCTCGCCGTCGI 1 1 1 1 GCAGCTGG 
ACGTCGT-X 


> 95 % 


7.3.1.9 


— <° X 

NH HN-< Q 

v_n - 


3'- 

2GGAGTCGACAC ATAGCTCGCCGTCGI 1 1 1 1 GCAGCGCT 
CGGTCGT-X 


> 95 % 
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7.3.1.10 


— < 

NH O O 


3'- | 
2GGAGTCGACACATAGCTCGCCGTCGI III IGCAGCCAT 
AGGTCGT-X 


> 95 % 


7.3.1.11 


— f Vr\-o 

HN — ( 


3'- 

2GG AGTCG AC AC ATAGCTC GCCGTCGI I II I GCAGCCCG 
GAGTCGT-X 


> 95 % 



Examples of building block oligos for second round of encoding 
5 Example 7.3.2.1 

Building block oligo 3.2.1 : 




10 .3' -2GGAGTCGACACATAGCTCGCCGTCGI 1 1 1 IGCAGCI 1 1 IIGTCGT CAATA- - 



Efficiency of ligation : > 95 % 
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Example 7.3.2.2 
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HOOC. 




3 ' - 2 GGAGTCGACACATAGCTCGCCGTCGI 1 1 1 1 GCAGCI I III GTCGTCGTGTCAG- 
5 CTT AGACGGTAGAT T TX 

Efficiency of ligation : > 95 % 



10 Example 7.3.2.3 




3 ' -2GGAGTCGACACATAGCTCGCCGTCGI 1 1 1 1 GCAGCI 1 1 1 IGTCGT TCACG- 
CAGCTTAGA-CGGTAGATTTX 

15 

Efficiency of ligation : > 95 % 
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Table IIS 



Building 

block 

oligo 

example 


Structure of 
loaded 

Drug fragment 


Building block oligo sequence 

2: Carboxy dT (Glen research cat# 10-1035-90) 

X: 5' biotin 


Ligation 

effi- 
ciency 


7.3.2.4 


o=( /-co 

HN— < 

1 


3'- 

2GGAGTCGACACATAGCTCGCCGTCGI I I I IGCAGC III I IGTCG 
TCCTATCAGCTTAGACGGTAGATTTX 


> 95 % 


7.3.2.5 


o 

— f 3 

HN HN"— ( 


3' — 

2GGAGTCGACAC AT AGCTCGCCGTCG I I I I I GC AGC I I I I IGTCG 
TGCGACCAGCTTAGACGGTAGATTTX 


> 95 % 


7.3.2.6 


O HO- 
NH HN'" 


3'- 

2GGAGTCGACACATAGCTCGCCGTCGI I I I I GCAGCI III IGTCG 
TGACCACAGCTTAGACGGTAGATTTX 


> 95 % 


7.3.2.7 


i IM / 


3' - 

2GGAGTCGACACATAGCTCGCCGTCGI I I I IGCAGCI III IGTCG 
TACAAGCAGCTTAGACGGTAGATTTX 


> 95 % 


7.3.2.8 


O HO— 
NH HN— 


3' - 

2GGAGTC G AC ACAT AGCTCGCCGTCG I I I I I GCAGCI I I I IGTCG 
TTGGACCAGCTTAGACGGTAGATTTX 


> 95 % 


7.3.2.9 


— <° 

NH HN 

V7~\ 


3'- 

2GGAGTCGACACATAGCTCGCCGTCGI III IGCAGC I I I I IGTCG 
TGCTCGCAGCTTAGACGGTAGATTTX 


> 95 % 



WO 2004/039825 PCT/DK2003/000739 



143 



7.3.2.10 


— < 


3'- 

2GGAGTCGACACATAGCTCGCCGTCGII II IGCAGCI III IGTCG 
TCATAGCAGCTTAGACGGTAGATTTX 


> 95 % 


7.3.2.11 


I 

< 


2GGAGTCGACACATAGCTCGCCGTCGII II IGCAGCIIIIIGTCG 
TCCGGACAGCTTAGACGGTAGATTTX 


> 95 % 



10 



General procedure 4: Encoding a small molecule library by chemetics™ 
Example 7.4.1: Encoding a 484-member small molecule library by chemetics™ 
Example 7.4.1.1 First encoding round 

2 pmol of loaded identifier oligo 1 .1 was combined with 200 pmol of each loaded 
identifier oligo 1.2. 1 .3, and 1 .4. (602 pmol loaded identifier oligos in total). These 
were mixed with 0.7 pmol building block oligo 3.1. 3., and 72.7 pmol each of 10 dif- 
ferent other first round building block oligos (eg. 3.1.1 and 3.1.2; 727 pmol loaded 
building block oligos in total). The oligos were lyophilized and redissolved in 50 pi 
extension buffer (EX) [20 mM HEPES, 150 mM NaCI. 8 mM MgCI 2 J. The mixture 
was heated to 80°C and slowly cooled to 20°C to allow efficient annealing of identi- 
1 5 fier and building block oligos. 5 pi of 0.5 M DMT-MM in water was added and the 
mixture was incubated at 37"C for 4 hours. 

Extension of the identifier oligo on the building block oligo identifier was performed 
by adding 3 pi of a 10 mM mixture of each deoxynucleotide triphosphate [dATP, 
20 dGTP, dCTP, dTTP] and 3 pi of 13 units/pl Sequenase (Amersham Biosciences). 

The mixture was subsequently incubated at 30°C overnight. Then 3 pi of 2M NaOH 
was added and the mixture was incubated for 80°C for 10 minutes followed by neu- 
tralization by addition of 3 pi 2M HCI. The mixture was then purified by passing 
through a gel filtration column (Biospin P-6. BioRad). 0.25 volumes of 25 mM l 2 in 
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1:1 THF:water was added, mixed and incubated at 37°C for 2 hours. 60 pi binding 
buffer (BF) [100 mM HEPES, 150 mM NaCI] and water ad 300 pi was added. 

The mixture was added to streptavidin-sepharose beads (Amersham Biosciences) 
5 pre-washed 3. times in BF buffer and incubated at room temperature for 10 minutes 
followed by incubation on ice for 10 minutes with gentle stirring. The beads were 
then washed three times with water. Extended identifier oligos were stripped from 
the building block oligos bound to the streptaviding-sepharose beads by applying 
100 pi NH3 1:1 in water and incubating at room temperature for 5 minutes. 

10 

7.4.1.2 Second encoding round 

To the eluate was added 0.36 pmol second round loaded building block oligo 3.2.2 
and 36.4 pmol each of 10 different other second round building block oligos (eg. 
3.2.1 and 3.2.3; 364 pmol loaded second round building block oligos in total) and the 
15 mixture was lyophilized and redissolved in 50 pi EX buffer. The encoding was per- 
formed essentially as described under 7.1 .1 . 

7.4.1.3 Final extension 

The eluted identifier oligo were lyophilized and dissolved in 50 pi EX buffer. Then 
20 200 pmol primer E38 [5 , -XTTTTAGATGGCAGAT-3 , J X=CXS Biotin] was added. An- 
nealing was performed by heating the mixture to 80°C and slowly cooling to 20°C. 
Extension of the identifier oligo was performed by adding 3 pi of a 10 mM mixture of 
each deoxynucleotide triphosphate [dATP, dGTP, dCTP, dTTP] and 3 pi of 13 
units/pl Sequenase. The mixture was subsequently incubated at 30°C for 2 hours. 
25 The mixture was then purified by passing through a gel filtration column (Biospin P- 
6, BioRad). This eluated was used for selection. An aliquot (sample 7.1.3) was re- 
moved for analysis of the inpout in the selection procedure. 

General procedure 5: selection 

30 Maxisorp ELISA wells (NUNC A/S, Denmark) were coated with each 100 pL 2pg/mL 
integrin aVp3 (Bachem) in PBS buffer [2.8 mM NaH 2 P0 4l 7.2 mM Na 2 HP0 4> 0.15 M 
NaCI, pH 7.2] overnight at 4°C. Then the integrin solution was substituted for 200 pi 
blocking buffer [TBS, 0.05% Tween 20 (Sigma P-9416), 1% bovine serum albumin 
(Sigma A-7030), 1 mM MnCI 2 ] which was left on for 3 hours at room temperature. 

35 Then the wells were washed 10 times with blocking buffer and the encoded library 
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was added to the wells after diluting it 100 times with blocking buffer. Following 2 
hours incubation at room temperature the wells were washed 10 times with blocking 
buffer. After the final wash the wells were cleared of wash buffer and subsequently 
inverted and exposed to UV light at 300-350 nm for 30 seconds. Then 100 pi block- 
ing buffer without Tween-20 was immediately added to each well, the wells were 
shaken for 30 seconds, and the solutions containing eluted identifiers were removed 
for PCR analysis (sample 5.1) 



General procedure 6: analysis of selection input and output 

10 PCR was performed on the input for (sample 7.3.1) and output of (sample 5.1) the 
selection using primers corresponding to the 5' end of the identifier oligos and the 
E38 primer. PCR was performed using Ready-To-Go (RTG) PCR beads (Amersham 
Biosciences) and 10 pmol each primer in a reaction volume of 25 pi. The PCR reac- 
tion consisted of an initial denaturation step of 94°C for 2 minutes followed by 30-45 

15 cycles of denaturation at 94°C for 30 seconds, annealing at 58°C for 1 minute and 
extension at 72°C for 1 minute. A final extension step of 2 minutes at 72°C was in- 
cluded. The PCR products were resolved by agarose gel electrophoresis and the 
band corresponding to the expected size was cut from the gel and purified using 
QIAquick Gel Extraction Kit (QIAGEN). 

20 

To sequence individual PCR fragments the purified PCR products were cloned into 
the pCR4-TOPO vector (Invitrogen) according to the manufacturer's instructions. 
The resulting mixture was used for transformation of TOP10 E. coli cells (Invitrogen) 
using standard procedures. The cells were plated on growth medium containing 100 
25 pg/ml ampicillin and left at 37°C for 12-1 6 hours. 

Individual E.coli clones were picked and transferred to PCR wells containg 50 pi 
water. These wells were then boiled for 5 minutes and 20 pi mixture from each well 
was used in a PCR reaction using RTG PCR beads and 5 pmol each of M13 for- 
30 ward and reverse primers according to the manufacturer's instructions. A sample of 
each PCR product was then treated with Exonuclease I (USB) and Shrimp Alkaline 
Phosphatase (USB) to remove degrade single stranded DNA and dNTPs and se- 
quenced using the DYEnamic ET cycle sequencing kit (Amersham Biosciences) 
according to the manufacturer's instructions and the reactions were analyzed on a 



WO 2004/039825 PCT7DK2003/000739 

146 

MegaBace 4000 capillary sequencer (Amersham Biosciences). Sequence outputs 
were analyzed with ContigExpress software (Informax Inc.). 



Overview of drug fragments present in the library: 
5 Table IV 
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Building block oligo for first 
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Building block oligo for second 
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The library had the potential to encode the integrin aVp3 ligand A (Molecule 7 in 
Feuston B. P. et aL, Journal of Medicinal Chemistry 2002, 45, 5640-5648) from 1 out 
of 3*1 0 8 identifiers. 




As can be seen from the table above, the library had the potential to encode ligand 
A for every 3*1 0 8 identifiers (1 x 1 x 1 = 1 out of every 301 x 1001 x 1001 ~ 3*1 0 8 ) 
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Example 7.6.1 : Result of sequencing analysis of input for selection procedure 
and output from selection procedure. 

The codon combination compatible with encoding of ligand A was not found in 28 
5 sequences derived from the encoded library, before selection in agreement with the 
expected low abundance of this codon combination (1 in 3*1 0 8 ). 

A codon combination compatible with encoding of ligand A was found in 5 out of 19 
sequences derived from the encoded library after selection in integrin aV03-coated 
10 wells. 

These numbers correspond to an enrichment factor of (3*1 0 8 / (19 / 7)) = 8*1 0 7 . 

Example 8: Selection of encoded molecules using size-exclusion column 

15 This example illustrates the possibility to use column separation to perform selection 
on complexes against various targets. In this example, size-exclusion chromatogra- 
phy (SEC) is used, but other types of chromatography can be used where target- 
bound complexes are separated from the non-bound complexes. 

20 The complex is exemplified in this example by a biotin molecule attached to an oli- 
gonucleotide sequence with a predetermined sequence. Thus, the nucleotide se- 
quence of the identifier specifies the identity of the synthetic molecule as biotin. The 
encoding sequence can have any length and be divided into discrete regions for 
encoding various building blocks as discussed elsewhere herein. Also, the displayed 

25 molecule can have a linear or scaffold structure. 

Biotin-AATTCCGGAACATACTAGTCAACATGA 

Biotin is known to bind to streptavidin. The binding of biotin to streptavidin will link 
30 the identifier to the target molecule and therefore change the identifiers physical and 
chemical properties, such as e.g. the apparent molecular weight. This change is 
possible to detect using e.g. size-exclusion chromatography: 

78 pmol of the complex molecule was loaded on a Superdex 200, PC 3.2/30 column 
35 (AKTA-FPLC, AmershamPharmaciaBiotech) and analysed in PBS buffer with a flow 



WO 2004/039825 PCT/DK2003/000739 

149 

rate of 0.050 ml/min. As can be seen below, the complex molecules retention-time 
was approximately 35 minutes. When the target (83 pmol streptavidin) was analysed 
under identical conditions the retention-time was approximately the same. The low 
absorption of the target molecules is due to the wavelength (260 nm) used in the 
measurement. At this wavelength, the extinction coefficient is high for the nucleo- 
tides in the complexes but low for the protein target. 




However, when the complex molecules was premixed with the target molecules (78 
pmol complex and 83 pmol target incubated for about 1 h in PBS buffer) to allow 
binding and then analysed under identical conditions, the retention-time change sig- 
nificantly (28 minutes). The change is due to the increase in molecular weight (or 
hydrodynamic volume) due to the binding of the complex to the target. This will allow 
the separation of the target-bound complexes from the non-bound complexes. The 
fraction that contains the complexes and the target molecules are pooled and ampli- 
fied using appropriate primers. The amplified identifiers can then be used to decode 
the structures of the enriched displayed molecules. 



20 



The strategy of performing column-selection of libraries of bifunctional complexes 
has two major advantages. First, the enriched (target-bound) complexes are eluted 
before the non-bound complexes, which will drastically reduce the background from 
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the non-bounded complexes. Secondly, the enrichment on the column will be exten- 
sive due to all the separation steps in the pores in the matrix. 

The separation of the target-bound complexes using this approach will be depend- 
5 ent on the molecular weight of the complexes but predominantly of the molecular 
weight of the target. The molecular weight of the target can be adjusted by linking 
the target to a support that increases the apparent molecular weight. The increased 
molecular weight will enhance the separation by reducing the retention-time on the 
column. This can be done using for example a fusion protein, antibody, beads, or 

10 cross-linking the target in multimeric form. Thus, the target protein can be expressed 
as a fusion protein or a specific antibody can be use to increase the molecular 
weight. The target can be immobilized on small beads that permit separation and 
the target can be cross-linked using standard reagents to form multimers or cross- 
linked to a carrier molecule, for example another protein. Preferably, the molecular 

15 weight is increase so the target molecules elute in the void volume of the column. 

Examples of other types of column separation that can be used are affinity chroma- 
tography, hydrophobic interaction chromatography (HIC), and ion-exchange chro- 
matography. Examples of column media, other that Superdex, that can be used in 
20 size-exclusion chromatography are: Sephacryl, Sepharose or Sephadex. 

Example 9: Formation of 25-member library by split-and-mix and selection of ligand 
The human integrin receptor aj$m is implicated in many biological functions such as 
inflammatory responses and thrombus formation as well as cellular migration and 

25 metastatic dissemination. The natural ligands for ajfiin contain an RGD tri-peptide 

consensus motif that interacts with the receptor binding pocket. Consequently, much 
medical research have focused on the synthesis and identification of small molecule 
RGD-mimetics with increased affinity for the ct v /p m receptor. One mimetic, Feuston 5 
(Feuston et a/., J Med Chem. 2002 Dec 19;45(26):5640-8.), comprising an arginine 

30 bioisostere coupled to a GD dipeptide exhibits a ten-fold increased affinity for ay/Pm 
(K D =111 nM) compared to the RGD-tripeptide. 
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Here, a 25 member small-molecule library was synthesised, comprising the Feuston 
5 ligand and 24 additional small molecules a split and mix procedure. The. library 
was screened for interaction with the receptor and the DNA was amplified by PCR, 
sequenced and the corresponding small-molecule ligand(s) identified. 



Protocol 



10 Library generation: 

Fig. 22 and Fig. 23 show a general scheme for the synthesis of the library. Initially, a 
36 nt oligo nucleotide (ID) 

5-XACCTCAGCTGTGTATCGAGCGGCAGCGGCCTCGTCG 
containing a S'-terminal amino-group (Glen Research catalog # 10-1905-90) linked 
15 by a Spacer-PEG1 8 (Glen Research catalog #10-191 8-90) and a photocleavable 
(Glen Research catalog#10-4913) spacer was synthesised by standard phosphora- 
midite chemistry (purchased from DNA technology A/S Denmark). 1 nmol of the ID 
oligonucleotide was loaded with penteneoyl-Asp(OMe)-OH using the following scaf- 
fold loading protocol A: 

10 

1 nmol ID oligonucleotide was lyophilized and then dissolved in 20 pi of 100 mM Na- 
borate buffer, pH 8.0 with 90 mM sulpho-N-Hydroxysuccinimide (sNHS, Merck). Pre- 
activation of scaffold: 15 pi of 100 mM pentenoyl-Asp(OMe)-OH in DMSO was incu- 
bated with 15 pi of 100 mM 1-ethy!-3-[3-dimethylaminopropyl]carbodiimide hydro- 
!5 chloride (EDC, Merck) in DMF and incubated for 30 min at 30°C before addition to 
the ID solution. Following incubation for 45 min at 30°C, additional 30 pi of pre- 
activated scaffold was added and the solution incubated for another 45 min at 30 °C. 
Excess scaffold, activation agents, solvents and salt was removed by double gel- 
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filtration using Bio-rad microspin columns 6 and eluted in MS-grade H 2 0. Loading 
was verified by Electrospray-MS (Bruker Inc) analysis. Subsequently, the amino- 
protection group was removed by addition of 0.2 volumes of 25 mM iodine in a mix- 
ture of THF/H 2 0 (1:1) and incubated at 37 °C for 2 h. Excess iodine was quenched 
5 using addition of 20 mM 2-mercaptoethanoI before gelfiltration purification using Bio- 
rad 6 microspin columns. From MS-analysis the loaded and deprotected ID oligonu- 
cleotide was estimated to be > 75 % pure (data not shown). 

500 pmol of D-loaded ID oligo was annealed to 500 pmol complementary oligo with 
1 0 the sequence 5-TGTGCGACGAGGCCGCTGC 

by denaturation for 2 min at 80 °C followed by slow cooling to ambient temperature. 
The double stranded oligo pair (ID-ds) with a 4 nt overhang (for efficient annealing 
and ligation) was used in a split & mix reaction protocol shown schematically below 
using the following procedure: 

15 

Addition of position 2 codons and free reactants: 500 pmol of ID-ds was split into 5 
wells (here, eppendorf tubes). 100 pmol of a specific 2 nd position codon oligonucleo- 
tides of the sequence 

20 Z1-0: pCACAAGTACGAACGTGCATCAGAG/pTCCTCTCTGATGCACGTTCGTACT 

Z1-1 : pCACATAGTCTCCTCCACTTCCATG/pTCCTCATGGAAGTGGAGGAGACTA 
Z1 -2: pCACATACATCGTTCCAGATACCG/pTCCTCATGGAAGTGGAGGAGACTA 
Z1 -3: pCACATCCAGTGCAAGACTGAACAG/pTCCTCTGTTCAGTCTTGCACTGGA 
Z1 -4: pCACAAGCATCACTACTCTGTCTGG/pTCCTCCAGACAGAGTAGTGATGCT 

25 

was added to each well and the oligos ligated in a volume of 20 pi using ligation 
buffer [30 mM Tris-HCI (pH 7.9), 10 mM MgCI 2 . 10 mM DTT, 1 mM ATP] and 10 
units T4-DNA ligase at ambient temperature for 1 hour. 

30 Subsequently, the 5 ligation products were purified individually using Biorad 6 spin 
columns according to manufacturer's instructions and lyophilized. Next, a specific 
reactant was reacted with the scaffold according to the scheme shown in Fig. 22 
using loading protocol A described above. Excess free reactant, reagents and 
buffer was removed by gelfiltration. The elute was pooled, lyophilized and resus- 
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pended in 40 |j| of H 2 0 before addition of 10 pi of 25 mM iodine (in THF/H 2 O f ratio 
1 : 1 ) for deprotection. 

BB o 




oligo oligo oligo 



Reaction of N~penteneoyl protected glycin reactant with an ID oligo and subsequent 
5 deprotection using Iodine. The reaction was incubated at 37°C for 2 h. Excess Io- 
dine was quenched by addition of 1 pi of 1 M 2-mercaptoethanol and left at ambient 
temperature for 5 min before purification of the sample using spin-gelfiltration (Bio- 
rad 6). 

10 The sample was split into 5 wells for addition of 3 rd position codons using the codon 
oligonucleotides: 

ZO-0 : pAGGACGAGCAGGACCTGGAACCTGGTGCGTTCCTCCACCACGTCTCCG/ 
pGCACCAGGTTCCAGGTCCTGCTCG 
1 5 Z0-1 : pAGGACTCGACCACTGCAGGTGGAGCTCCGTTCCTCCACCACGTCTCCG/ 

pGGAGCTCCACCTGCAGTGGTCGAG 

ZO-2: pAGGACGTGCTTCCTCTGCTGCACCACCGGTTCCTCCACCACGTCTCCG/ 
pCGGTGGTGCAGCAGAGGAAGCACG 

Z0-3: pAGGACCTGGTGTCGAGGTGAGCAGCAGCGTTCCTCCACCACGTCTCCG/ 
20 pGCTGCTGCTCACCTCGACACCAGG 

Z0-4: pAGGACTCGACGAGGTCCATCCTGGTCGCGTTCCTCCACCACGTCTCCG/ 
pGCGACCAGGATGGACCTCGTCGAG 

p = 5* phosphate. 

25 

and reacted with free reactant as described for the 2 nd position and shown on Fig. 
22 with the following exception: The F3 reactant did not react efficiently using proto- 
col A due to poor solubility of F3 in organic solvent. Consequently, F3 was reacted 
using the following procedure (protocol B): The ligated and lyophilized sample was 
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dissolved in 35 pi 100 mM Na-borate buffer (pH 8.0) before addition of 10 pi 100 
mM F3 reactant in water and 5 pi of 500 mM 4-(4,6-dimethoxy-1 ,3,5-triazin-2-yl)-4 
methylmorpholinium chloride (DMT-MM, carboxylic acid activator) and incubated at 
25 °C for 2 h. Following the coupling reaction, excess reactant, reagent and salt was 
5 removed by gelfiltration as described in protocol A. The remaining steps were con- 
ducted as described for position 2. 

Prior to conducting the selection step, a strand exchange reaction was performed in 
order to assure that no mis-annealed oligos was assembled. The strand-exchange 
10 was done by annealing of 200 pmol of AH361 oligo (5- 

CGGAGACGTGGTGGAGGAAC-3') in sequenase buffer containing 200 pM deoxy- 
ribonucleotides (dNTP) in a total volume of 80 pi before addition of 20 units of se- 
quenase and incubation at 30 °C for 1 h. Following extension the reaction mixture 
was used in the selection step without further purification. 

15 

Selection 

Maxisorp ELISA wells (NUNC A/S, Denmark) were coated with each 100 pL 2pg/mL 
integrin aV33 (Bachem) in PBS buffer [2.8 mM NaH 2 P0 4 , 7.2 mM Na 2 HP0 4f 0.15 M 
NaCI, pH 7.2] overnight at 4°C. Then the integrin solution was substituted for 200 pi 

20 blocking buffer [TBS, 0.05% Tween 20 (Sigma P-9416), 1% bovine serum albumin 
(Sigma A-7030), 1 mM MnCIJ which was left on for 1 hour at room temperature. 
Then the wells were washed 2 times with 250 pi blocking buffer and 5 pi of the en- 
coded library was added to the wells after diluting it 20 times with blocking buffer. 
Following 2 hours incubation at room temperature the wells were washed with 20 x 

25 250 pi blocking buffer. 

ELUTION 

After the final wash the wells were cleared of wash buffer and subsequently inverted 
and exposed to UV light at 300-350 nm for 30 seconds using a trans-illuminator set 
30 at 70% power. 

100 pi blocking buffer without Tween-20 was immediately added to each well, the 
wells were shaken for 30 seconds, and the solutions containing eluted templates 
were removed for PCR analysis. 

35 

PCR amplification 
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PCR on input and output use primers corresponding to the 5* end of Frw-27 oligo 
(ACCTCAGCTGTGTATCGAG) and the AH361 primer. 5 pi eluted DNA was used 
for PCR in a 25 pi reaction using 10pl Eppendorph hotmastermix 2.5x and 10 pmol 
each of AH361 & Frw-27. PCR was run: (ENRICH30): 94°C 2 min, then 30 cycles 
5 . of [94°C 30 sec, 58°C 1 min, 72°C 1 min], then 72°C 10 min. 

Cloning and Sequencing 

The TOPO-TA (Invitrogen Cat#K4575-J10) ligation was reacted with 4 pi PCR prod- 
uct, 1 pi salt solution, 1 pi vector. The reaction was incubated at RT for 30 min. 
10 Heat-shock competent TOP10 E.coli cells was thawed and put on ice. 5 pi ligation 
reaction was added. Following 30 min on ice, the cells were heat-shocked at 42°C 
water for 30 sec, then put on ice. 250 pi SOC was added and the cells incubated 1 h 
at 37°C, before spreading on LB-ampicillin plates followed by incubation ON at 
37°C. 

15 

Individual E.coli clones were picked and transferred to PCR wells containing 50 pi 
water. Colonies were incubated at 94°C for 5 minutes and 20 pi was used in a 25 p! 
PCR reaction with 5 pmol of each TOPO primer M13 forward & M13 reverse 
(AH365/AH366) and Ready-To-Go PCR beads (Amersham) using PCR program 
20 EKO50: 94°C 2 min, then 30 x (94°C 4 sec, 50°C 30 sec, 72°C 1 min) then 72°C 10 
min. 

Primers and free nucleotides were degraded by adding 1 pi EXO/SAP mixture 1:1 to 
2 pi PCR product. Incubation was at 37oC for 15 min and then 80oC for 15 min. 5 
25 pmol T7 primer (AH368) was added and water to 12 pi. subsequently, 8 pi DYE- 
namic ET cycle sequencing Terminator Mix was added followed by PCR-cycling 
using 30 rounds of (95°C 20 sec, 50°C 15 sec, 60°C 1 min). Purification was done 
using seq96 spinplates (Amersham), followed by analysis on a MegaBace se- 
quenizer. 

30 

Library sequence output 

1 8 successful sequences were informative of the isolated DNA from the selection 
step and are shown below 

35 Output sequences 
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cggcagc|gcgtcgtcg| 



mm, wzm 



mmmm 




CGTTCCTCCACCACGTCTCC 
CGGCAGGCeTCGTCG 

gttcctccaccacgtctcc 
5 cggcc*cgtcg 

tctctcaccacaccagtctctc 
cggcagcggBctcgtcg 
cgttcctccaccacgtctcc 

CGGGqCTCGTCG 
10 CTCCACCACGTTCC 

CGGCAGCGGGC^CGTCGACAAGCATCACTACTCTGTCTGG 

CTCCACCACGTCTCC 

CGGCAGCGGCgCCGTCd 

CGTTCCTCCACCACGTCTCC 
1 5 CGGCAGCGGCpfCGTCGi 

CGTTCCTCCACCACGTCTC 

CGGCAGCGGCCSCGTC< 

CGTTCCTCCACCACGTCTC 

CGGCAGCGGCC^CGTC 
20 GTTCCTCCACCACGTCTC 

CGGCAGCGGQCT.CGTCGCACATAGTNCCCTCCACTTCCAT' 

CGTTCCTCCACCACGTCTC 

CGGCAGCGGOCTCGTCG 

CGTTCCTCCACCACGTCTC 
25 CGGCAGCGGC£TCGTT< 

GTTCCTCCACCACGTCTC 

CGGCAGCfeGCGTCGTCi 

TTCCTCCACCACGTCTC 

CGGCAGCqGCCTCGTCG) 
30 GTTCCTCCACCACGTCTC 

CGGCAGCGGCCTCGTCG" 

CGTTCCTCCACCACGTCTC 

CGGCAGCGGCCTCGTCG] 

GTTCCTCCACCACGTCTC 

35 cggcagcggc.ctcgtcg; 

CGTTCCTCCACCACGTCTC 



ZGC 



5TGCCGGT 



;cgttc 



GCGTTC 



sail % m -> w - % mmmmsmmmmmrnrnm > 





5-mer sequences highlighted at position 1 corresponds to aspartic acid, the high- 
lighted 20-mer sequence at position 2 (central) corresponds to glycin and the high- 
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lighted 20-mer sequence (+4 bases from ligation overhang) corresponds to the F3 
building block. Thus, 16 out of 18 sequences identify the exact Feuston-5 ligand 
(F3-G-D) as the single dominant small molecule that bind the integrin av/pill recep- 
tor. Note that only the F3 BB is identified in position 3 arguing for very strong bias 
5 towards this arginine bioisostere. 

The data shows that chemical synthesis of small molecule library, tagging, selection 
and identification procedure is highly efficient using this technology which is expect- 
edly easily scalable and applicable to libraries comprising more than 10 8 -10 10 differ- 
10 ent molecules. 

Fig. 22 shows an overview of the library generation using a unique 1 st position oligo 
loaded with D (aspartate), 5 different reactant/oligo pairs in the 2 nd position and 5 
different reactant/oligo pairs in the 3 rd position. Ultimately, a library of 1x5x5 = 25 
15 different trimers each attached to their corresponding unique DNA code is assem- 
bled. Arrowheads indicate site of ligation. 

Example 9: Encoded Multi Component Reaction (MCR) product 

20 9. 1 Preparation of aldehyde-comprising scaffold-oligo, using 4- 
carboxybenzaldehyde 

A solution of 4-carboxybenzaldehyde (scaffold) in DMF (25 jiL, 150 mM) was mixed 
with 25 \iL of a 150 mM solution of EDC in DMF. The mixture was left for 30 min at 

25 25°C. 50 pL aminooligo (10 nmol) in 100 mM HEPES buffer pH 7.5 was added and 
the reaction mixture was left for 20 min at 25°C. Excess scaffold was removed by 
extraction with EtOAc (500 pL) and remaining EtOAc was removed in vacuo by 
spinning 10 min in a speedvac. The mixture was then purified by gel filtration with 
spin columns (Biospin P-6, BioRad) equilibrated with water. The loaded oligo were 

30 analyzed by ES-MS. 




Mw 6585 Mw 6716 
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Cem?wnent Deconvoluted Molecule 
Mas a 
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Abundance Abundance 



A 
B 



6716.11 
6737.93 



CM - HJ- 
CM - HJ- 



301899 
50426 



100.00 • 
16.70 



Aminooligo L1,1 used in section 9.2: Mw = 7154 
5 L1.1: 5-5CG ATG GTA CGT CCA GGT CGC AX 
3'X = 3 , Biotin 

5'5 = 5' amino C6 (Glen Research catalogue # 10-1906-90) 

Aminooligo L1.2 used in section 9.3: Mw = 6585 
1 0 L1 .2: 5-GCG ACC TGG AGC ATC CAT CGX 

3'X = Amino-C2-dT-3'-P0 4 (Glen Research catalogue* 10-1037-90) 



9.2 Multi-component reaction 

A solution of Benzaldehyde loaded L1.1 oligo (200 pmol) was lyophilized and 
15 redissolved in lO^L H 2 0. 2-Methoxy ethylamine in methanol (10|aL, 40mM), 3-furan- 
2-yl-acrylic acid in methanol (10^L, 40 mM), and cyclohexyl isocyanide in methanol 
(IOjuL, 40mM) was added and incubated overnight at 37, °C. The reaction mixture 
was diluted with 40jaL H 2 0 and purified by gel filtration with spin columns (Biospin P- 
6, BioRad) equilibrated with water. MCR-product on oligo was analyzed by ES-MS. 
20 The starting benzaldehyde loaded L1 oligo (A) was identified in the MS-spectrum 
together with the UGI product (B). 
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9.3 Multi-component reaction 

A solution of benzaldehyde loaded L1.2 oligo (320 pmol) was lyophilized and 
redissolved in IOjliL H 2 0. 2-Amino ethanol in methanol (10^L, 40mM), 3-Methoxy- 
propionic acid in methanol (10p.L, 40 mM), and ethyl isocyanoacetate in methanol 

10 (10nL, 40mM) was added and incubated overnight at 37 °C. The reaction mixture 

was diluted with 40^iL H 2 0 and purified by gel filtration with spin columns (Biospin P- 
6, BioRad) equilibrated with water. MCR-product on oligo was analyzed by ES-MS. 
The starting benzaldehyde loaded L1 oligo (A) was identified in the MS-spectrum 
together with three products, B Diketopiperazine, C UGI product and H the Amine 

15 product. 
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N^COOEt 
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N^COOEt 
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H: Mw 6894 
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6872.09 
6913.59 
6894.50 



Molecule 


Absolute 


Relative 




Abundance 


Abundance 


[M - H]- 


27984 


100.00 


(M - H]~ 


13154 


47.01 


[M - H] - 


8913 


31.85 


cm - lo- 


10156 


36.29 


rn - H] - 


10187 


36.40 


{M - H]- 


8871 


31.70 


[M - H] - 


5551 


19.84 


[M - H] - 


4579 


16.36 



9.4 Encoding 

Excess reactants, activation agents, solvents and salt was removed by double gel- 
filtration using Bio-rad microspin columns 6 and eluted in MS-grade H 2 0 and loading 
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was verified by Electrospray-MS (Bniker Inc) analysis before the displayed molecule 
attached to the oligonucleotide L1 was encoded. 



The benzaldehyde loaded oligonucleotide L1.1 in section 9.2, that has been reacted 
5 with the other three components to form the displayed molecule as describe above 
was mixed with the codon oligonucleotides L2, L3 and L4 together with the splint 
oligonucleotides S1, S2 and S3 (sequences shown below) and ligated using a ligase 
(T4 DNA ligase). The ligation was performed using the following conditions. The 
double stranded oligonucleotide was achieved by mixing the encoding strands (L1, 

10 L2, L3 and L4) with the splint oligonucleotides (S1, S2 and S3) to form a 7 oligonu- 
cleotide hybridisation product (for efficient annealing and ligation). About 50 pmol of 
each specific oligonucleotide was used and the oligonucleotides was ligated in a 
volume of 20 pi using ligation buffer [30 mM Tris-HCI (pH 7.9), 10 mM MgCI2, 10 
mM DTT, 1 mM ATP] and 10 units T4-DNA ligase at ambient temperature for 1 

15 hour. 



LI : 5 ' -CGATGGT ACGTCCA GGTCGCA-3 ' 

SI: 5 ' -ATCGTGCTGCGACCT- 3 ' 

L2: 5 ' -GCACGATAT GTACGA TACACTGA-3 ' 

20 S2 : 5 ' - GTGCCATTCAGTGT - 3 ' 

L3 : 5 ' - ATGGCACT T AATGG T T GTAATGC- 3 ' 

S3: 5 ' -TGTATGCGCATTAC- 3 ' 

L4 : 5 ' - GCATACAAATCGATAAT GCAC- 3 ' 



25 The identifier comprising the tags was amplified using a forward (FP) and reverse 
(RP) primer using the following conditions: 5 pi of the ligated indentifier oligonucleo- 
tide was used for PCR in a 25 pi reaction using 10pl Eppendorph hotmastermix 2.5x 
and 10 pmol each of AH361 & Frw-27. PCR was run: (ENRICH30): 94°C 2 min, 
then 30 cycles of [94°C 30 sec, 58°C 1 min, 72°C 1 min], then 72°C 10 min. 



30 



FP : 5 ' -CGATGGTACGTCCAGGTCGCA- 3 ' 
RP : 5' -GTGCATTATCGATTTGTATGC-3' 



35 



The amplified identifier oligonucleotide was cloned to verify that the assembled oli- 
gonucleotides contained the codon region (CGTCC, GTACG, AATGG and TCGAT). 
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10 



15 



20 



The TOPO-TA (Invitrogen Cat#K4575-J10) ligation was reacted with 4 pi PCR prod- 
uct, 1 pi salt solution, 1 pi vector. The reaction was incubated at RT for 30 min. 
Heat-shock competent TOP10 E.coli cells was thawed and put on ice. 5 pi ligation 
reaction was added. Following 30 min on ice, the cells were heat-shocked at 42°C 
water for 30 sec, and then put on. ice. 250 pi SOC was added and the cells incu- 
bated 1 h at 37°C, before spreading on LB-ampicillin plates followed by incubation 
ON at 37°C. 

Individual E.coli clones were picked and transferred to PCR wells containing 50 pi 
water. Colonies were incubated at 94°C for 5 minutes and 20 pi was used in a 25 pi 
PCR reaction with 5 pmol of each TOPO primer M1 3 forward & M13 reverse 
(AH365/AH366) and Ready-To-Go PCR beads (Amersham) using PCR program: 
94°C 2 min, then 30 x (94°C 4 sec, 50°C 30 sec, 72°C 1 min) then 72°C 10 min. 
Primers and free nucleotides were degraded by adding 1 pi EXO/SAP mixture 1:1 to 
2 pi PCR product. Incubation was at 37°C for 15 min and then 80°C for 15 min. 5 
pmol T7 primer (AH368) was added and water to 12 pi. Subsequently, 8 pi DYE- 
namic ET cycle sequencing Terminator Mix was added followed by PCR-cycling 
using 30 rounds of (95°C 20 sec, 50°C 15 sec, 60°C 1 min). Purification was done 
using seq96 spinplates (Amersham), followed by analysis on a MegaBace se- 
quenizer. 

Example 10: Loading of entity onto tag. 



Procedure: 

25 pL of a 150 mM building block solution in DMF was mixed with 25 pL of a 150 
mM solution of EDC in DMF. The mixture was left for 30 min at 25°C. 50 pL of an 
aminooligo (10 nmol) in 100 mM HEPES buffer pH 7.5 was added and the reaction 



O 




X 



Loaded 
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mixture was left for 20 min at 25°C. The excess building block was removed by ex- 
traction with EtOAc (500 \iL). The excess EtOAC was removed at reduced pressure 
in a speedvac. The building block loaded aminooligo was ethanol precipitated twice 
using NH40Ac and analysed by electron spray mass spectrometry (ES-MS). 

5 

Example 11: 

The following example illustrates the use of the tagging principle for the identification 
of entities comprising desirable properties isolated from a library of entities. The 
10 principle is shown schematically in figure 1 . 

DNA-tagging of peptides for the identification of complexes that bind the integrin 
receptor aV/p3. 

15 Materials: 

• Purified human integrin aV/(33 (Chemicon Inc.) 

• Streptavidin Sepharose 6B (AmershamPharmacia) 

• Nunc lmmunomoduleU8 Maxisorp (Biotecline cat# Nun-475078) 
20 • Sheared herring DNA (Sigma) 

• Taq-polymerase (Promega) and 1 0 X Taq-pol buffer 

• Binding buffer [100 mM NaCI, 5 mM MgCI 2 , 50 mM Tris-HCI, pH 7.5] 

• U V-transillum inator 

• SPDP [A/-succinimidyl 3(2-pyridyldithio)propionate] (Molecular Probes, Cat: 
25 S-1531) 

• Micro Bio-Spin 6 (Bio-Rad cat: 732-6221) 

• 6 tagging oligo nucleotides with the following sequences: 

TO#1: 5-XCTATG CGGACTGACT GGTAC-3' 
30 TO#2: S'-XCTATG ATGCTTAGGCG GTAC-S' 

TO#3: 5-XCTATG TACCGTACGT GGTAC-3' 
TO#4: S-XCTATG AATGCTAGCT GGTAC-S' 
TO#5: 5-XCTATGGATTGCGCGTGGTAC-3' 
TO#6: 6-XCTATG CCACTATTAG GGTAC-3' 
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where X = 5' C6 amino modifier (Glen research cat# 10-1916-90) suitable for at- 
tachment of functional entities such as peptides, small molecules or polymers. 

• Complementary (Template) oligonucleotides with the following sequences: 

5 

CO#1:- 

5'-BPTATAGGATCCGTACC AGTCAGTCCGC ATAGGAATTCTAGT-3' 
CO#2: 

5-BPTATAGGATCCGTACC GCCTAAGCAT CATAGGAATTCTAGT-3' 
10 CO#3: 

5'-BPTATAGGATCCGTACC ACGTACGGTA CATAGGAATTCTAGT-3' 
CO#4: 

S'-BPTATAGGATCCGTACCAGC^GCMICATAGGAATTCTAGT-^ 
CO#5: 

1 5 5-BPTATAGGATCCGTACCACGCGCAATCCATAGGAATTCTAGT-3' 
CO#6: 

5 , -BPTATAGGATCCGTACC CTAATAGTGG CATAGGAATTCTAGT-3 , 

Where, B = 5'-biotin (Glen research Cat#1 0-1 953-95) and P = photocleavable linker 
20 (Glen research cat#1 0-491 3-90). 

The underlined 10 nucleotide sequences are unique for each tagging oligonucleo- 
tide and have a unique complementary oligonucleotide counterpart. 
Sequences highlighted in bold are suitable for cloning purposes. 

25 • Oligonucleotides for PCR amplification 

AO#1 : 5-BPTATAGGATCCGTACC-3' 
AO#2: S'-ACTAGAATTCCTATG-S' 

30 • 6 peptides with the following composition 

P#1: GRGDSPC 
P#2: GRADSPC 
P#3: GRGESPC 
35 P#4: GDGRSPC 
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P#5: CKKK 
P#6: CFFKKK 

A = Alanine, G = Glycin, R = Arginine, D = Aspartate, P = Proline, F = Phenyla- 
5 lanine, K = Lysine and E = Glutamate. All peptides are end-capped by N-terminal 
carboxylation and C-terminal amidation. Peptides were supplied by Schafer-N A/S, 
DK-Denmark. 

Protocol 

10 

Stepl : Tagging of peptides #1-6 with a specific oligonucleotide (TO#1-6). 

Each TO oligonucleotide contains a single 5'end amino nucleophile (X) which can 
be covalently linked to the cysteine thiol-group of a peptide using the heterobifunc- 
1 5 tional cross-linker SPDP in the following reaction. 




20 

Procedure : 5 nmol amino-oligo is dried and resusspended in 160 m' of 100 mM 
Hepes-OH, (pH 7.5). 40 pi 20 mM SPDP (in DMSO) is added and incubate for 2 h at 
30°C. The sample is extracted with 3 x 500 pi ethylacetate and dried for 10 min in a 
speedvac. The sample is purified using microbio-spin 6 column equilibrated with 100 
25 mM Hepes-OH. Add 10 pi of. 1 M peptide and incubate at 25 °C for 2 h. Precipitate 
twice with 2 M NH 4 OAc/Ethanol. Redissolve in 50 pi H 2 0 and verify tagging by Elec- 
trospray-MS analysis (Bruker Inc.). 

Step 2: Anneal complementary oligonucleotides (CO#1-6) to TO-peptide complexes 
30 from step 1 . 
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Procedure: 

10 pmol of TO#1-6 loaded with their corresponding peptide is added to a mixture 
comprising 20 pmol each of CO#1-6 in binding buffer [100 mM NaCI, 5 mM MgCI 2 , 
5 50 mM Hepes-OH, pH 7.5] and a total volume of 100 pi. The sample is heated to 80 
°C for 2 minutes and slowly cooled to room temperature over 30 minutes. 

Step 3: Purify doublestranded DNA-peptide complexes (Optional!). 

10 Following annealing, only tagged molecules that have annealed to their complemen- 
tary oligonucleotide sequences will comprise both a functional entity and a biotin 
handle (see figure 1). Consequently, to reduce "noise" in the selection step, single- 
stranded tagged-molecules can be removed from the library in a pre-seiection step 
using the biotin handle. 

15 

Procedure : 

50 pi Streptavidine-sepharose 6B Slurry is washed in 3 X 1 ml binding buffer before 
resuspending the beads in 100 pi binding buffer. The CO/TO-peptide annealing mix- 
ture is added to the straptavidine beads and incubated at 25 °C for 30 min with agi- 

20 tation. Subsequently, the streptavidine beads are pelleted, the supernatant is dis- 
carded and the beads are washed three times with 1 mi of binding buffer. The beads 
are resuspended in 100 \i\ binding buffer binding buffer and finally, the CO/TO- 
peptide complexes are released using photocleavage. The photocleavage reaction 
is conducted by incubating the sample on a Vilber-Lourmat UV-transilluminator TFX- 

25 20.M for 30 seconds at 70% effect. The eluted CO/TO-peptide complexes are re- 
moved to a new tube. 

Step 4: Enrich library for ligands that bind the integrin ctV/p3 receptor. 

30 The library of molecules is tested for binding to the integrin aV/p3 receptor immobi- 
lised on a plastic surface. 

Procedure: 

A single well of a Nunc 8 plate is incubated overnight with 100 pi of 1 pg/ml of in- 
35 tegrin receptor in standard phosphate-buffered saline (PBS). The well is washed five 
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times with 100 pi PBS followed by blocking using 100 pi 0.5mg/ml sheared herring 
DNA in PBS-buffer for 2 h at room temperature. 

Finally the well is washed five times using 100 pi Integrin binding buffer [Tris-HCI 
(pH 7.5), 137 mM NaCI, 1 mM KCI, 1 mM MgCI 2l 1 mM CaCI 2 and 1 mM MnCI 2 ]. 

5 

The CO/TO-peptide complexes are added to the immobilised integrin and incubated 
at 37 °C for 30 min. The supernatant is removed and the immobilised integrin is 
washed 5 times using 100 pi integrin binding buffer. The CO/TOIigand complexes 
are eluted heating the sample to 80 °C for 5 min. The sample is cooled to room- 

10 temperature. 1 pi of the sample is used for PCR amplification using 10 pmol each of 
AO#1 and 2 as external primers in a reaction comprising 10 mM Tris-HCI pH 9.0, 50 
mM KCI, 1 mM MgCI 2l 0.1 % Triton X-100, 250 mM each of dATP, dCTP, dGTP and 
dTTP. The sample is run with initial denaturation at 94 °C, for 2 min and 30 cycles 
using denaturation at 94°C for 30 seconds, annealing at 44 °C for 30 seconds and 

15 elongation at 72°C for 15 seconds. Finally, the sample is precipitated 

Step 5: Isolate single stranded templates. 

For subsequent selection and amplification rounds the non-template strand of the 
20 amplified PCR products should be should be removed. This step is conducted using 
specific purification of the biotinylated template oligo. 

Procedure: 

50 pi of streptavidine-sepharose 6B is washed three times with 1 ml of binding 
25 buffer. The washed beads are incubated with 25 pi (<10 pmol) of PCR product from 
step 4 in 100 pi binding buffer for 30 min at 25 °C. Spin the sample briefly to collect 
beads. Remove supernatant and wash five times using 800 pi H 2 0. The beads are 
resuspended in 500 pi 10 mM NaOH for 2 min at room temperature. The super- 
natant is removed and the beads are resuspended in 100 mM biotin in 100 pi H 2 0. 
30 For elution the sample is incubated at 95 °C for 10 min with agitation. Subsequently, 
the excess biotin is removed by Micro-spin gel-filtration. 

Step 6: Anneal the new population of template oligos to the library of tagged pep- 
tides from stepl. 
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The new population of single stranded template oligonucleotides which are enriched 
for sequences that represent ligands for the integrin aV/p3 receptor are annealed to 
the library of tagged-peptides from stepl as described in step 2 and subjected to yet 
another round of selection and amplification. 
5 The selection and amplification procedure (step2-6) is repeated for 5 rounds. 

Step 7: Identification of ligands. 

The identity of enriched double stranded DNA fragments specific for a ligand entity 
10 or entities is established by DNA cloning in a M13mp18 plasmid vector and examin- 
ing individual clones by sequence analysis. For statistical purposes more than 30 
clones is sequenced to identify dominant sequencers) within the pool of cloned 
sequence tags. Since the dominant DNA sequence cloned corresponds to a ligand 
the sequence bias directly identifies the ligand candidate(s) suitable for further ex- 
15 amination. 

Example 12 

The following example illustrates the use of the tagging principle for the identification 
of a DNA sequence representing a small molecule isolated from a library of se- 
20 quences. The principle is shown schematically in the figures. 

DNA-tagging ofbiotin and glutathione for the identification of complexes that bind 
streptavidine. 

25 Materials: 

• Streptavidin Sepharose 6B (AmershamPharmacia) 

• Taq-polymerase (Promega) and 10 X Taq-pol buffer 

• Binding buffer [100 mM NaCI, 5 mM MgCI 2 , 50 mM Tris-HCI, pH 7.5] 

30 • SPDP [A/-succinimidy! 3(2-pyridyldithio)propionate] (Molecular Probes, Cat: 

S-1531) 

• N-hydroxysuccinimidylester-biotin (Fluka#14405) 

• Glutathione (Sigma) 

• Micro Bio-Spin 6 (Bio-Rad cat: 732-6221) 
35 • T7 Exonuclease (gene 6) and 5 x buffer 
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• Tagging oligo nucleotides with the following sequences: 



TO#1: 5'-XCTAT GCGGACTGACT GGTAC-3' 
TO#2: 5'-XCTATG ANNNNNNNNC GGTAC-3', (65.536 sequence 
5 combinations) 

where X = 5' C6 amino modifier (Glen research cat# 10-1039-90) suitable for at- 
tachment of functional entities such as peptides, small molecules or polymers. N is 
G, A, TorC 

10 

• Complementary (Template) oligo nucleotides with the following sequences: 
CO#1: 

^ ^s^sTsAGG ATC CGTACC AGTCAGTCCG C ATAGG A atthta rvr.'V 
15 CO#2: 

S-TsAsTsAGGATCCGTACC GNNNNNNNNT CATAGGAATTCTA^T^i 

Where, S denotes the position of a phosphorothioate in the DNA backbone. 
The underlined 10 nucleotide sequences are unique for each tagging oligonucleo- 
20 tide or pool of tagging oligonucleotides and have a unique complementary oligonu- 
cleotide counterpart. Sequences highlighted in bold are suitable for cloning pur- 
poses. 

• Oligonucleotides for PCR amplification 

25 

AO#1: S'-T^TsAGGATCCGTACC-S' 
AO#2: 5-ACTAGAATTCCTATG-3' 

Where, S denotes the position of a phosphothioate in the DNA backbone. 

30 

Protocol 

Stepl : Tagging biotin with TO#1 and tagging glutathione with TO#2. 
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All TO oligonucleotides contain a single 5'end amino nucleophile(X) which can be 
used for covalent linking of small molecules. Biotin is linked to the TO#1 amino- 
group using NHS-biotin (Merck) in the following reaction. 



NH, 



Oligo 



NH 

A. 



9 HN-y 



Biotin-NHS 



Oligo 



Glutathione is linked to the pool of oligonucelotides using the heterobifunctional 
cross-linker SPDP in the following reaction. 



10 



o 

SPDP HN^— S-S 



| * SPDP T 
OligoJ - OUgo] 



o 



o 

Glutathione HN"^^S-S 



H 2 N O 
O / — f OH 



OligoJ 



9- o 



SPDP= 




Procedure: 



Tagging of biotin with TO#1 : 

15 5 nmol of TO#1 oligonucleotide is dried down and resuspended in 80 \i\ 100 mM 
Hepes-OH buffer (pH 7.5). 20 pi of 50 mM NHS-Biotin (in DMSO) is added to the 
oligonucleotide and the sample incubated at 30 oC for 2 hours. The sample is ex- 
tracted twice using 200 pi ethyl-acetate before purification on a Micro-spin 6 column. 
Tagging of biotin is verified using Electrospray-MS 

20 (Bruker Inc.). 



Tagging of glutathione (GSH) with TO#2: 

5nmol of TO#2 is dried down and resusspended in 160 pi of 100 mM Hepes-OH, 
(pH 7.5). 40 pi 20 mM SPDP (in DMSO) is added and the sample is incubated for 2 
25 h at 30°C. The sample is extracted with 3 x 500 pi ethylacetate and dried for 10 min 
in the speedvac. The sample is purified using microbio-spin 6 column equilibrated 
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with 100 mM Hepes-OH. 10 pi of 0.1 M GSH is added and the sample is incubated 
at 25 °C for 2 h. Precipitate twice with 2 M NH 4 OAc/Ethanol. Redissolve in 50 pi H 2 0 
and verify tagging by Electrospray-MS analysis (Bruker Inc.). 

5 The single biotin sequence tag and the 65.536 different glutathione sequence tags 
comprise a total of 65.537 different sequence-tags. The library is mixed to comprise 
equi-molar amounts of each sequence tag. Consequently, the library consists of 
65.536-fold excess of tagged glutathione over tagged biotin. 

1 0 Step 2: Anneal complementary oligonucleotides (CO#1 & 2) to TO complexes from 
step 1. 

Procedure: 

A total of 10 pmol of tagged library molecules is added to a mixture comprising 20 
1 5 pmol of template molecules (CO#1 & 2) comprising 65.536 fold excess of CO#2 
over CO#1 in a binding buffer [100 mM NaCI, 5 mM MgCI 2 , 50 mM Hepes-OH, pH 
7.5] and a total volume of 100 pi. The sample is heated to 80 °C for 2 minutes and 
slowly cooled to room temperature over 30 minutes. 

20 Step 3: Purify doublestranded DNA complexes (Optional!). 

Following annealing, only tagged molecules that have annealed to their complemen- 
tary oligonucleotide sequences will comprise both a functional entity and a phos- 
phorothioate backbone handle (see figure 1). Consequently, to reduce "noise" in the 
25 selection step, single-stranded tagged-molecules can be removed from the library in 
a pre-selection step using the phosphorothioate handle. 

Procedure : 

50 pi of activated thiopropyl-sepharose slurry is washed in 3 X 1 ml binding buffer 
30 before resuspending the beads in 100 pi binding buffer. The CO/TO annealing mix- 
ture is added to the thiopropyl-sepharose beads and incubated at 30 °C for 30 min 
with agitation. Subsequently, the beads is pelleted, the supernatant discarded and 
the beads is washed three times with 1 ml of binding buffer. The beads is resus- 
pended in 100 pi binding buffer binding buffer and finally, the CO/TO complexes are 
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released using by incubation with 100 pi of 50 mM DTT in binding buffer. The eluted 
CCVTO complexes are removed to a new tube. 

Step 4: Enrich library for ligands that binds to streptavidine. 

The library of molecules is tested for binding to the streptavidine sepharose 6B. 



Procedure: 

50 |jl of streptavidine-sepharose 6B slurry is washed three times with 1 ml of binding 
10 buffer. 10 pi of library molecules eluted at step 3 is incubated with the streptavidine 
in 100 pi of binding buffer for 10 minutes at 25 °C with agitation. Subsequently, the 
sample is washed five times using 1 ml of binding buffer. The ligand DNA is eluted 
by incubating of the sample in 1 00 pi H20 at 95 oC for 5 minutes. The sample is 
cooled to room-temperature. 1 pi of the sample is used for PCR amplification using 
15 10 pmol each of AO#1 and 2 as external primers in a reaction comprising 10 mM 
Tris-HCI pH 9.0, 50 mM KCI, 1 mM MgCI 2 , 0.1 % Triton X-100, 250 mM each of 
dATP, dCTP, dGTP and dTTP. The sample is run with initial denaturation at 94 °C, 
for 2 min and 30 cycles using denaturation at 94°C for 30 seconds, annealing at 44 
°C for 30 seconds and elongation at 72°C for 15 seconds. Finally, the sample is pre- 
20 cipitated 

Step 5: Isolate single stranded templates. 

For subsequent selection and amplification rounds the non-template strand of the 
25 amplified PCR products should be should be removed. This step is conducted using 
specific purification of the template oligo strand comprising a phosphorothioate 
backbone. 



Procedure: 

30 The doublestranded PCR product is subjected to exonuclease digestion using 

phage T7 (gene 6) exonuclease. This enzyme is a doublestrand specific 5' exonu- 
clease that is inhibited by the presence of phosphorothioate in the DNA backbone. 
20 pi of doublestranded PCR product from step 4 is incubated in exonuclease T7 
buffer before addition of 50 units of T7 exonuclease enzyme. The sample is incu- 
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bated at 30 °C for 10 minutes. The sample is extracted once with 100 jjI phenol be- 
fore precipitation using NH 4 -acetate/ethanol. Resuspend sample in H 2 0. 

Step 6: Anneal the new population of template oligos to the library of tagged mole- 
5 culesfromstepl. 

The new population of single-stranded template oligonucleotides which are enriched 
for sequences that represent ligands for the streptavidine is annealed to the library 
of tagged molecules from stepl as described in step 2 and subjected to yet another 
10 round of selection and amplification. 

The selection and amplification procedure (step2-6) is repeated for 5 rounds. 

Step 7: Identification of ligands. 

1 5 The identity of enriched double stranded DNA fragments specific for a ligand entity 
or entities is established by DNA cloning in a M13mp18 piasmid vector and examin- 
ing individual clones by sequence analysis. 

For statistical purposes more than 30 clones is sequenced to identify dominant se- 
quencers) within the pool of cloned sequence tags. Since the dominant DNA se- 
20 quence cloned corresponds to a ligand the sequence bias directly identifies the 
ligand candidate suitable for further examination. 

Example 13: Encoding onto an identifier obtained from a pool-encoding procedure 
(Mode 1) usi ng separated compartment encoding procedure (Mode 2V 

25 

This example describes the experimental conditions used to perform Mode 2 encod- 
ing of reactants on an identifier that contains codons that have been obtained using 
Mode 1 encoding. The mode 1 encoding is performed as described in previous ex- 
ample, notably example 7. The example illustrates the general principle of combin- 
30 ing encoding Mode 1 and 2. 

Extension of the encoded identifier and transfer of the reactant is performed in sepa- 
rate wells where one specific zipper building block and one specific anti-codon oli- 
gonucleotide that codes for the functional entity loaded to for the zipper building 
35 block is mixed. This approach can also be used for free reactants. 
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Extension using the encoding Mode 2. 

In this example, a radioactive labelled identifier oligonucleotide (E57) is mixed with a 
specific zipper building block (E32) and an anti-codon oligonucleotide (CD-M-8- 
5 0172-0001) with the anti-codon sequence (Anti-codon 1) as shown below. In an- 
other experiment, a different anti-codon oligonucleotide (E60) with a different anti- 
codon sequence (Anti-Codon X) was used as a reference sample. 



C6TCS CCQOC CAGCA irtll GTOGA OTCTOOQCTCT MM ^ 



TGGAGTCGACACATRGCTCGC 



Anti-Cadoal 



TGTCC - 75 
CCV-M^0173-0OOl 



10 



E57 



-ACCTCAGCTGTGTATCGAGCG GCAGC CCCOC CGTCG COCCC C AGCR ZtXlX GTDGA ATCTGOCATCTRAAA 

RCCKAW.ivivwivww.« ww* _ cASCT maVCGGTAGATTTT TCTACC1HACTAOSATGTCC - 75 

* ™ Auii-CorianX E6C 

TGGAGTC6ACACA1AGCTCGC 

E32 

1 5 The oligonucleotide combinations (as shown below) were mixed together in sepa- 
rate compartments to allow specific annealing of the pairs of zipper building block 
and anti-codon oligonucleotides. The extension was performed in an extension 
buffer ( 20 mM Hepes, 8 mM MgC), 150 mM NaCI) using 1 pmol identifier oligonu- 
cleotide, 2 pmol zipper building block, 2 pmol anti-codon in a final volume of 10 pi. 

20 The oligonucleotides were heated and then allow re-annealing slowly from 80 - 

20°C in a PCR-machine. After annealing a mix sample (-20 ul) of 0.5 mM dNTP and 
13 U Sequenase was added and the extension was run for 1 h 30°C. The sample 
was then analyzed by 10% urea polyacrylamide gel electrophoresis as shown on 
Fig. 31A. 

25 

The gel analysis shows that the identifier is completely extended both with the long 
anti-codon 1 (lane 2) and the shorter anti-codon X (lane 3). The result also shows 
that there is no scrambling between the anti-codon oligonucleotides if they first are 
allowed to anneal to the identifier oligonucleotide before they are mixed and ex- 
30 tended (lane 4). 
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Cross-linking. 

The Mode 2 encoding of a reagent on a Mode 1 encoded molecule was tested using 
an identifier with three codons and a displayed molecule. The transfer of the reac- 
tants is illustrated in this example by a cross-linking of a reactant on a zipper build- 
ing block to the displayed molecule in the identifier oligonucleotide. The transfers 
were tested with cross-linking to simplify the analysis on the gel but are not limited to 
this type of reaction. 

The functional entity as shown below (chemical structure) is linked to the oligo to 
form the zipper building block (CX-1) that anneals to the identifier oligonucleotide 
through the complementary region. This zipper building block was used together 
with an anti-codon oligonucleotide (CD-M-8-01 72-0001) with the anti-codon se- 
quence (Anti-codon 1) as shown below. In another (control) experiment, a different 
zipper building block (E32) was used together with a different anti-codon oligonu- 
cleotide (E60) with a different anti-codon sequence (Anti-Codon X). 



20 



' ccccc O CO CCCCC GTCGA A1CTGGCATCTAAAA 

CAGCT TWSWCGGTaGMTTT CCATGAACGTA.GATGCAAGT TCT A C CTCA CTACG A TOTOC - 75 



TCGAGTCGACACAIAGCTCeC 
Bffi CX-1 



CD-M-&~0 773 -0001 



£58 

l^-ACCTCAGCTCTCTATCCTGCG GCAGC CCCCC CGTCG CCCCC C AGCA CCCCC GTCGA A1CTCCCATCTWU&' 

■< CAGCT BVGACGGTOGATTTT TGT5VCCTCACTACGATSTCC - 75 



TGGACTOGACACATfcGCTCGC Aob-CoffimX E60 



Linker* NH 



25 




The oligonucleotide combinations were mixed together in separate compartments to 
allow specific annealing of the pairs of zipper building block and anti-codon oligonu- 
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cleotides. The annealing to place in a extension buffer ( 20 mM Hepes, 8 mM MgCI, 
150 mM NaCI) using 1 pmol identifier oligonucleotide, 2 pmol zipper building block, 
2 pmol anti-codon in a final volume of 10 ul. The oligonucleotides were heated and 
then allow re-annealing slowly from 80 - 20°C in a PCR-machine. Cross-linking was 
5 performed by adding 5 mM DMT-MM reagent and incubation for 2 h 37°C. The 
sample was then analyzed by 10% urea polyacrylamide gel electrophoresis as 
shown in Fig. 31 B. 

The gel analysis shows that the functional entity on the zipper building block (CX-1) 
1 0 is cross-linked to the identifier oligonucleotide which contains the codons (lane 2) 
while the zipper building block lacking the reagent (E32) is unable to react with the 
identifier oligonucleotide. The result also shows that there is no scrambling between 
the zipper building block oligonucleotides if they first are allowed to anneal to the 
identifier oligonucleotide before they are mixed and cross-linked (lane 4). 

15 

While the invention has been described with reference to specific methods and em- 
bodiments, it will be appreciated that various modifications and changes may be 
made without departing from the invention. 

20 Example 14: Enrichment of coding parts from bifunctional complexes display- 
ing integrin receptor avB3 ligands. 

Example 14.1 Formation of L1-RGD a nd L1-cRGD: 

An oligonucleotide L1-NH 2 was used to tag cRGD peptide and RGD peptide respec- 
25 tively by mixing 4 nano mol of L1-NH2 in 80 (JL mixture of 500 mM Hepes KOH, pH 
7.5 and 20 »L 25 mM BMPS in DMSO and then incubating for 2 hours at 30 - C. The 
BMPS activated L1-NH2 oligonucleotide was washed three times with EtOAc, to 
remove unbound BMPS, and excess EtOAc was evaporated off by vacuum distilla- 
tion. Ten nL 100 mM of cRGD or RGD peptide respectively was added and the re- 
30 action was incubated at room temperature over night. After incubation the cRGD or 
RGD tagged oligonucleotide was cleared of excess unbound peptide by gelfiltration. 
Tagging of peptide was confirmed by mass spectrometry analysis and the tagged 
products are refened to as L1 -cRGD and L1-RGD respectively. 



35 



Materials: 
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L1-NH2 (6-8-CAGCTTGGACACCACGTCATAC, 6=LH193, 8=PCspacer) was 
aquired from DNA-Technology, Aarhus, DENMARK, PCspacer is a photo cleavable 
spacer (Glen Research Products cat# 10-4913), BMPS (A/-[B- 
Maleimidopropyloxy]succinimide ester) was acquired from Pierce (cat# 22298). 
' LH1 93 (Diisopropyl-phosphoramidous acid 2-cyano-ethyl ester 2-[2-(2-{2-[2-(2-{[(4- 
methoxy-phenylHiphenyl-methyl]-amino^ 
ethyl ester) was synthesized according to the following method: 



10 



15 



HO" 



1) TBDMS-CI ( 57% 

2) Ts-CI 

3) NaN 3 

4) Pd/C, H 2 , 95% for 3 steps 

5) MMT-CI, 99% 

6) TBAF, 87% 

7) (iPr 2 N) 2 P-OCH 2 CH 2 CN, 82% 




Ok 



20 



Commercially available hexaethylene glycol was selectively mono TBDMS protected 
using TBDMS-CI, imidazole and DMAP in 57% yield. The free alcohol function was 
converted to an amine function by a standard three step protocol: Activation with 
tosy! chloride in pyridine followed by nucleophilic displacement with sodium azide in 
DMF and subsequent reduction using Pd/C and H2 in overall 95% for the three 
steps. The amine function was then protected with 4-monomethoxy trityl (MMT) in 
99% yield and the TBDMS group removed using TBAF. The free hydroxyl function 
was finally reacted with cyanoethyl-N.N.N'.N'-tetraisopropylphosphorodiamidite un- 
der tetrazole catalysis and gave the desired compound in 82% yield. 31 P nmr 
(CDCI 3 ) = 148.5 ppm. 



14.2 Formation of L1-F5: 

A mixture of 5 nano mol L1-NH2, 50 mM DMTMM and 10 mM F5 in 100 mM Na- 
Borat pH 8.0 in 50 jaL was incubated over night at 30'C and the oligonucleotide 
tagged F5 was cleared of excess unbound F5 by gelfiltration. Subsequently the 
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loaded oligo was dried down by speed vacuum distillation and resuspended in 100 
mM NaOH in 50 micro L and left over night at 50'C for deprotection (ester cleavage 
and N-acetamide cleavage) of the F5 molecule. After deprotection the suspension 
was neutralised with HCI and loading of F5 was confirmed by mass spectrometry 
5 analysis. Tagging of F5 was confirmed by mass spectrometry analysis. The tagged 
product is referred to as L1-F5. 



10 



Materials: 

DMTMM (4-(4,6-dimethoxy-1 l 3,5-triazin-2-yl)-4-methylmorpholinium chloride) was 
prepared from commercially available A/-methylmorpholine and 2-chloro-4,6- 
dimethoxy-1,3,5-triazine according to Kaminski et al (JOC (1998), 63, 4248-55). 



15 



F5 (ester and A/-acetyl derivative) was synthesized according to the following 
method: 



HO' 



"OH 



Protection Oxidation Resin attachment Deprotection 



67% 



81% 



94% 



99% 




Mttsunobu Acylation Acylation Cleavage 



99% 



99% 



99% 



99% 



20 




The tagged product L1-F5 carries a free carboxylic acid (the homoglycine moiety) 
and a free amino group (the cyclic aminopyridine). 



The commercially available tetraethylene glycol was mono protected with 4- 
nitrobenzoic acid using 4-nitrobenzoyl chloride in 67% yield. A subsequent oxidation 
of the remaining primary alcohol to the corresponding carboxylic acid was performed 
in 81% yield using a mixture of TEMPO, chlorite and hypochlorite. The compound 
25 was attached to a 2-chlorotrityl chloride resin and subsequently treated with KCN in 
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MeOH-DMF (1:5) to deprotect the 4-nitrobenzoyI ester. N-(2-nitrophenyl sulfonyl) 
activated beta-alanine methyl ester was attached using a Mitsunobu protocol. The 4- 
nitrophenylsulfonyl group was removed by treatment with excess mercaptoetha- 
nol/DBU and the formed amine then acylated with two subsequent building blocks 
5 using standard Fmoc-chemistry. The final molecule was cleaved from the resin by 
treatment with 0.4M HCI in ether-DCM (1:4). [M+ Hf (calc.) = 595.30. [M+ H] + 
(found) = 595.28. 

14.3 Formation of library component 1 . 

10 Formation of double stranded tagged LI-cRGD (referred to as L1-cRGD-T1): 
Two hundred pico mol of a DNA template, T1 

(GCTAG AG ACGTGGTGGAGG AAGTCTTCCTAG AAGCTGGATATCvACC^ CA TCTC 
XAGGAGCTjAGTATGACGTGGTGTCCAAGCTG) 

was annealed to 50 pico mol of LI-cRGD. Subsequently the L1-cRGD oligo was 
15 extended by DNA polymerase (Sequenase). 

Sequenase was acquired from Upstate Biotechnology (Cat# 70775Y). 

14.4 Formation of library component 2. 

Double stranded tagged L1-RGD. Referred to as L1-RGD-T2: 
20 Two hundred pmol T2 

(GCTAGAGACGTGGTGGAGGAAGTCTTCCTAGAAGCTGGATATCvAGGTC7TCr 
G TC TTC 7TCCGTATGACGTGGTGTCCAAGCTG) 

was annealed to 50 pico mol of L1-RGD. Subsequently the L1-RGD oligo was ex- 
tended by DNA polymerase as described above. 

25 

14.5 Fomation of library component 3. 

Double stranded L1-F5. Referred to as L1-F5-T3: 
Two hundred pmol T3 

(GCTAGAGACGTGGTGGAGGAAGTCTTCCTAGAAGCTGGATATC7TCy4G7TCrC 
30 G>4CTCCrG>AGTATGACGTGGTGTCCAAGCTG) 

was annealed to 50 pico mol of L1-F5. Subsequently the L1-F5 oligo was extended 
by DNA polymerase as described above. 

14.6 Formation of library component 4. 

35 Double stranded L1 -NH2. Referred to as L1-NH2-T4: 
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Fifty pmol T4 

(GCTAG AGACGTGGTGGAGGAAGTCTTCCTAGAAGCTGGATATC TGACG TG TT 
GACGTACACAGTATGACGTGGTGTCCAAGCTG) 

was annealed to 200 pico mo! of L1-NH2. Subsequently the L1-NH2 oligo was ex- 
5 tended by DNA polymerase as described above. 

A total of 50 pico mol of each of the library components L1-cRGD-T1 , L1-RGD-T2, 
L1-F5-T3 and L1-NH2-T4 was produced. 

10 14.7 Enrichment 

Enrichment of integrin binding complexes was performed by coating 0.04 ng/well 
integrin receptor avp3 in Nunc Immunomodule U8 Maxisorp wells (Biotecline cat # 
nun-47507). 

15 In one experiment (Fig 32), L1-cRGD-T1, L1-RGD-T2, L1-F5-T3 and L1-NH2-T4 

where mixed in ratios 1 pmol of L1-NH2-T4 complex, 1/1000000 pmol of L1-cRGD- 
T1 complex, 1/100000 pmol of L1-RGD-T2 complex and 1/10000 pmol of L1-F5-T3 
complex in 100 ^iL buffer A (Tris buffered saline, 0.05% Tween 20, 1% Bovine se- 
rum albumin, 0.1 mg/mL herring sperm DNA). Incubation in integrin coated wells 

20 was done for 90 min at 25* C. After ligand binding all wells were washed 20 times 
with 250 \iL buffer A during one hour. Thereafter 100 \± buffer A was applied to 
each well and the wells where exposed to UV light at 350 nano meters for 30 sec- 
onds in order to cleave the PC spacer thereby releasing the DNA templates from the 
ligand molecule. Following exposure to UV light the elution volume was removed 

25 immediately and analysed for the presence of DNA strands T1 , T2, T3 and T4 by 
quantitative polymerase chain reaction (Q-PCR). 

In a similar experiment (Fig 33), L1-CRGD-T1, L1-RGD-T2, L1-F5-T3 and L1-NH2- 
T4 where mixed in ratios 1 pmol of L1-NH2-T4 complex, 1/10000 pmol of L1-cRGD- 
30 T1 complex, 1/10000 pmol of L1-RGD-T2 complex and 1/10000 pmol of L1-F5-T3 
complex in 100 jxL buffer A. Otherwise assay conditions where as described above. 

For 5 mL premix (for one 96-wel) plate) 2.5 mL Taqman Universal PCR Master Mix 
(Applied Biosystems) was mixed with 450 pL RPv2 (GTCAGAGACGTGGTGGAG- 
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GAA) (10 pmol/pl), 25 pLTaqman probe (6-FAM-TCCAGCTTCTAGGAAGAC- 
MGBNFQ; 50 pM) and 1075 pL H 2 0 



40.5 pL premix was aliquoted into each well and 4.5 pL of relevant upstream PCR 
5 primer (FPv2 (CAGCTTGGACACCACGTCATAC) (for standard curve) or one of the 
template specific primers P1 (GTCATACTAGCTGCTAGAGATGTGGTGATA) spe- 
cific for T1 , P-2 (CATACGGAAGAAGACAGAAGACCTGATA) specific for T2, P-3 
(TCATACTCAGGAGTCGAGAACTGAAGATA) specific for T3 or P-4 
(CATACTGTGTACGTCAACACGTCAGATA) specific for T4; 10 pmot/pL) and 5 pL 
1 0 sample (H 2 0 in wells for negative controls) was added. 

The samples for the standard curve were prepared by diluting T4 to 10 8 copies/5 pL 
and subsequently performing a 10-fold serial dilution of this sample. 5 pL was used 
for each Q-PCR reaction. 

15 

Thermocycling/measurement of fluoresence was performed on an Applied Biosys- 
tems ABI Prism 7900HT real-time instrument utilizing the cycling parameters: 95°C 
10 min, 40 cycles of 95°C 15 sec, 64°C 1 min. 

20 From figure 32 it can be seen that the double stranded DNA complexs L1-cRGD-T1 , 
L1-RGD-T2, L1-F5-T3, when considering input ratio compared to enriched output 
ratio, are enriched approximately 1 million fold, 100000 fold and 30000 fold respec- 
tively over the L1-NH2-T4 complex. L1-CRGD-T1, L1-RGD-T2 and L1-F5-T3 could 
not be detected after incubation in wells without integrin receptor. 

25 

Figure 33 shows enrichment of L1-cRGD-T1, L1-RGD-T2 and L1-F5-T3 respec- 
tively. The ligand DNA complexes are enriched differently. This is most likely due to 
different dissociation constants for the three molecules. L1-cRGD-T1, L1-RGD-T2 
and L1 -F5-T3 could not be detected after incubation in wells without integrin recep- 
30 tor. 
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Claims 

1 . A method for obtaining a Afunctional complex comprising a display molecule 
part and a coding part, wherein a nascent bifunctional complex comprising a 
chemical reaction site and a priming site for enzymatic addition of a tag is reacted at 

5 the chemical reaction site with one or more reactants, and provided with respective 
tag(s) identifying the reactant(s) at the priming site using one or more enzymes. 

2. The method according to claim 1 , wherein the bifunctional complex obtained 
in claim 1 , is reacted further one or more times with a reactant and is provided with 
respective identifying tags to produce a reaction product as one part of the 

10 bifunctional complex and a coding part comprising tags which code for the identity of 
the reactants which have participated in the formation of the reaction product. 

3. The method according to claims 1 , 2 or 3, wherein the tag is a nucleic acid 
sequence. 

4. The method according to claims 1 to 3, wherein the one or more tags is/are 
15 provided at the priming site of the nascent bifunctional complexes utilizing an 

enzymatic extension reaction. 

5. The method according to claim 1 to 4, wherein a linking moiety is connecting 
the chemical reaction site and the priming site. 

6. The method according to claim 5, wherein the linking moiety is a nucleic acid 
20 sequence of a length suitable for hybridisation with a complementing 

oligonucleotide. 

7. The method according to claims 5 or 6, wherein the linking moiety is 
attached to the chemical reaction site via a spacer comprising a selectively 
cleavable linker. 

25 8. The method according to claims 1 or 2, wherein the chemical reaction site is 

a chemical scaffold comprising a chemical structure having on or more reactive 
groups or precursors of such reactive groups. 

9. The method according to any of the claims 1 to 8, wherein two or more 
reactants are involved in the reaction with chemical reaction site and the priming site 

30 prior to or subsequent to the reaction is provide with respective tags identifying the 
reactants. 

10. The method according to any of the claims 1 to 9, wherein the priming site 
comprises a 3*-OH or 5-phosphate group of a nucleotide, or functional derivatives 
thereof. 
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1 1 . The method according to any of the claims 1 to 10, wherein the addition of 
the tag is performed by an enzyme selected from polymerase, ligase, kinase, 
recombinase, or a combination thereof. 

12. The method according to claim 1, wherein the addition of the tag is 

5 performed prior to the reaction of the reactant with the chemical reaction site. 

13. The method according to any of the claims 1 to 12, wherein the nucleic acid 
part of the Afunctional complex is double stranded when reacting the reactant with 
the chemical reaction site. 

14. The method according to any of the preceding claims, wherein the reactant 
10 is a free reactant. 

15. The method of any of the claim 1 to 13, wherein the reactant comprises a 
nucleic acid sequence and a functional entity capable of being reacted at the 
chemical reaction site. 

16. The method according to claim 15, wherein the reactant is a building block 
1 5 comprising an oligo nucleotide sufficiently complementary to the linking moiety to 

allow for hybridisation, a transferable functional entity, and an anti-codon identifying 
the functional entity. 

17. The method according to any of the claims 1 to 16, wherein the tag 
comprises a codon identifying the reactant and an anti-tag comprises a nucleic acid 

20 sequence complementary to the codon (anti-codon). 

18. The method according to claim 17, wherein the tag further comprises a 
framing sequence informative of the point in time of the synthesis history the 
associated reactant has reacted. 

19. The method according to claim 1, wherein the tag comprises an 
25 oligonucleotide of 3, 5, 8, 1 1 , 15, 20, 30 or more nucleotides. 

20. The method according to any of the preceding claims, wherein the 
Afunctional complex comprises codons of different lengths. 

21. The method according to any of the claims 1 to 20, wherein an 
oligonucleotide comprising a sequence complementing the tag oligonucleotide is 

30 immobilized. 

22. The method according to claim 1, wherein, instead of using enzymatic 
addition of a tag, the tag is chemically connected to the priming site applying a 
guiding oligonucleotide complementing an end of the tag and a part of the 
Afunctional complex comprising the priming site, such that the ends abut each 

35 other. 



r 
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23. A method for obtaining a Afunctional complex comprising a display molecule 
part and a coding part, comprising the steps of 

a) providing a nascent bifunctional complex comprising a reactive group and 
an oligonucleotide identifier region, 
5 . b) providing a building block comprising an oligonucleotide sufficient 

complementary to the identifier region to allow for hybridisation, a transferable 
functional entity, and an anti-codon identifying the functional entity, 
c) mixing nascent bifunctional complex and building block under 
hybridisation conditions to form a hybridisation product, 
10 d) transferring the functional entity of the building block to the nascent 

bifunctional complex through a reaction involving the reactive group of the 
nascent bifunctional complex, and 

e) enzymatically extending the oligonucleotide identifier region to obtain a 
codon attached to the bifunctional complex having received the functional 
15 entity. 

24. The method according to claim 23, further comprising steps f) separating the 
components of the hybridisation product and recovering the complex. 

25. The method according to claim 23 and 24, said display molecule part 
comprising the reaction product of functional entities and the reactive group of the 

20 initial complex, wherein steps c) to f) are repeated as appropriate. 

26. The method according to any of claim 23 to 25, wherein the reactive group of 
the nascent bifunctional complex is part of a chemical scaffold. 

27. The method according to any of claims 23 to 26, wherein the enzyme for 
production of the codon is a polymerase. 

25 28. The method according to any of the claims 23 to 27, wherein the anticodon is 

unique. 

29. The method and the claims 23 to 28, wherein a similar combination of 
nucleotides of an anti-codon does not appear on another building block carrying 
another functional entity. 
30 30. A method for generating a library of bifunctional complexes, comprising the 

steps of: 

a) providing one or more different nascent bifunctional complexes comprising a 
reactive group and an oligonucleotide identifier region, 

b) providing a plurality of different building blocks, each comprising an 

35 oligonucleotide sufficient complementary to an identifier region to allow for 
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hybridisation, a transferable functional entity, and an anti-codon identifying the 
functional entity, 

c) mixing nascent bifunctional complexes and plurality of building blocks under 
hybridisation conditions to form hybridisation products, 
5 d) transferring functional entities of the building blocks to the nascent bifunctional 
complexes through a reaction involving the reactive group of the nascent 
bifunctional complex, 

e) enzymaticaliy extending the oligonucleotide identifier regions to obtain codons 
attached to the bifunctional complexes having received the chemical entities, 
10 f) separating the components of the hybridisation products and recovering the 
complexes, 

g) repeating steps c) to f) one or more times, as appropriate. 

31. The method according to claim 30, wherein the anticodon is unique. 

32. The method of claims 30 and 31, wherein a similar combination of 

15 nucleotides of an anti-codon does not appear on another building block carrying 
another functional entity. 

33. A method for generating a library of bifunctional complexes comprising a 
display molecule part and a coding part, said method comprising the steps of 
providing in separate compartments nascent bifunctional complexes, each 

20 comprising a chemical reaction site and a priming site for enzymatic addition of a tag 
and performing in any order reaction in each compartment between the chemical 
reaction site and one or more reactants, and addition of one or more respective tags 
identifying the one or more reactants at the priming site using one or more enzymes. 

34. The method according to claim 33, wherein the content of two or more 
25 compartments are pooled together. 

35. The method of claims 33 or 34, wherein the bifunctional complexes are 
subjected to one or more further cycles of the method according to claims 33 or 34, 
using the bifunctional complexes as the nascent bifunctional complexes, to obtain a 
library of bifunctional complexes, in which each member of the library comprises a 

30 reagent specific reaction product and respective tags which codes for the identity of 
each of the reactants that have participated in the formation of the reaction product. 

36. The method according to any of the preceding claims for generating a library 
of bifunctional complexes, each of the members comprising a display molecule part 
formed by reaction involving a chemical reaction site and two or more reactants, and 

35 a coding part comprising respective codons coding for the identity of the two or more 
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reactants, comprising the steps of selecting a method according to claims 30-32 or 
33-35 and using the obtained premature library of Afunctional complexes as a pool 
of different nascent Afunctional complexes in a method selected from the method 
according to claim 30-32 and the method according to claim 33-35. 
5 37. A method for identifying a display molecule having a preselected property, 

comprising the steps of: 

i) subjecting the library formed in accordance with any of the claims 30 to 
36 to a condition, wherein a display molecule or a subset of display 
molecules having a predetermined property is partitioned from the 

1 o remainder of the library, and 

ii) identifying the display molecule(s) having a preselected property by 
decoding the encoding part of the complex. 
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